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© Method of and apparatus for optically writing, reading and erasing a multi-plane record carrier, and 
record carrier suitable for said method and apparatus. 
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© A method of and an apparatus for writing and 
reading and/or erasing a multilayer record carrier (1) 
having a guide plane (2) and a plurality of recording 
planes (4) are described, using a guide beam (5) 
which cooperates with the guide plane (2) and a 
scanning beam (6) for at least writing in the record- 
ing planes (4). During writing the position of the 
scanning focus (36) formed by the scanning beam 
(6) is coupled to the focus (1 1 ) of the guide beam (5) 
which is actively controlled by using guide informa- 
tion which is present in the guide plane (2). During 
reading the scanning beam (6) is actively controlled 
by its own servosystem (20-28). 
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Th invention relates to a method of optically 
writing and subsequent reading and/or erasing in- 
formation in a recording plane of an optical record 
carrier having at least two recording plan s and a 
guide plane, while a guide beam having a guide 5 
focus and cooperating with the guide plane is used 
during writing, and at least one write beam having 
a write focus for the recording planes, the guide 
focus and the write focus being formed by one 
objective system and the guide focus being held in w 
the guide plane by means of a focus error signal 
generated by the guide beam. 

A method of the type mentioned in the opening 
paragraph is described in Japanese Patent Applica- 
tion 62-68207. In accordance with this method an is 
objective system converges a guide beam to a 
guide focus on a guide plane in a record carrier. A 
focus servosystem controls the objective system in 
such a way that the guide focus remains in the 
guide plane in spite of possible excursions of the 20 
record carrier. A read or write beam, or generally a 
scanning beam, is focused by the objective system 
on a recording plane to be written or read, which 
plane is parallel to the guide plane. For this pur- 
pose the read/write focus of a read/write beam 25 
formed by said objective system must be displace- 
able with respect to the guide focus in the longitu- 
dinal direction, i.e. in the direction of the optical 
axis. Starting from a reference position of the scan- 
ning focus, which reference position is dual to the 30 
desired position of the guide focus, this is realised 
by displacing the radiation source supplying the 
scanning beam along the optical axis over discrete 
distances which match the distances between the 
recording planes. 35 

To be able to use the known method with a so- 
called passive longitudinal adjustment of the scan- 
ning focus, the different recording planes of the 
record carrier must be very accurately parallel to 
the guide plane within the focus depth of the objec- 40 
tive system, because otherwise the scanning focus 
is not always located in a recording plane to be 
scanned. A multilayer record carrier having such a 
high degree of parallelism of the layers is difficult 
to manufacture and is consequently expensive. 45 
Moreover, during writing, the scanning focus should 
accurately follow a given track in a recording plane 
to be scanned, while during reading the scanning 
focus should accurately follow the written informa- 
tion tracks. Said Japanese Patent Application 62- 50 
68207 does not reveal how this so-called transver- 
sal positioning of the scanning focus must be real- 
ised. 

The present invention has for its object to 
provide a method and apparatus of the typ de- 55 
scribed in th opening paragraph in which a record 
carrier which can easily b manufactured can be 
used and in which the transversal positioning prob- 



lem is also solved. 

In accordance with a first aspect of the inven- 
tion the method is characterized in that during 
writing the transversal position of the write focus in 
a recording plane is coupled to the transversal 
position of the guide focus, the latter position being 
controlled by a tracking error signal obtained from 
the cooperation between the guide beam and the 
guide plane, and in that 

during reading and/or erasing: 

- a read focus formed by a read beam is held 
in the scanned recording plane by means of 
a focus error signal obtained from the 
cooperation between the read beam and the 
scanned recording plane, and 

- the transversal position of the read focus is 
controlled by a tracking error signal obtained 
from the cooperation between the read beam 
and the scanned recording plane. 

The invention is based on the recognition that 
the transversal position of the write focus can be 
controlled by coupling this position to that of the 
guide focus by means of guide information in only 
one plane of the record carrier when writing all 
recording layers, and that the read focus can be 
controlled independently of the guide focus when 
reading written recording layers. 

The guide focus is held on a track in the guide 
plane by a tracking servo. During writing, when 
there are still no tracks in the recording plane, the 
write focus is coupled to the guide focus as re- 
gards the transversal position, i.e. the position in a 
direction perpendicular to the optical axis as well 
as to the tracks. During reading the guide focus is 
held on the written tracks by means of an active 
control in the transversal direction. The read focus 
is then also actively focused on the recording plane 
to be read. 

It is to be noted that Japanese Patent Applica- 
tion 63-298836 describes a method using a guide 
beam and a write beam. However, each of these 
beams is focused by a separate objective system 
so that the coupling between the two beams cannot 
be realised with sufficient accuracy. Moreover, the 
latter Patent Application does not describe the writ- 
ing and reading of record carriers having various 
recording planes. 

If the method according to the invention is 
further characterized in that the read beam used 
during reading or erasing is constituted by the 
guide beam, it can be implemented with a small 
number of means and the apparatus for performing 
the method can be simplified. 

For writing a recording plan in a r cord carrier 
in which the recording planes are constitut d by 
surfaces of separat r cording lay rs which ar 
separated by spacer layers, the method is prefer- 
ably characterized in that th write focus is h Id in 
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the recording plane by means of a focus error 
signal which is obtained from th cooperation of 
the write beam with the scanned recording plane. 
The writ beam will then remain satisfactorily fo- 
cused on the recording plane, even if the guide 
plane and the recording plane are not parallel with- 
in a focus depth. 

For writing a recording plane in an unlaminated 
record carrier the method is preferably character- 
ized in that the longitudinal position of the write 
focus is guided by the longitudinal position of the 
guide focus, the distance between the two posi- 
tions being determined by the ordinal number of 
the recording plane to be written. Use of this meth- 
od leads to a record carrier in which one or more 
recording planes are formed. 

A second aspect of the invention relates to an 
apparatus for performing the method, which ap- 
paratus comprises at least one radiation source for 
supplying a guide beam and at least one write 
beam, an objective system for focusing the guide 
beam to a guide focus as well as for focusing the 
write beam to a write focus, and a first ser- 
vosystem for longitudinally positioning the guide 
focus in the guide plane. Such an apparatus is 
known from said Japanese Patent Application 62- 
68207. The drawback of this apparatus is that the 
read/write beam does not have any independent 
servosystems for longitudinally and transversally 
positioning the read/write focus. 

Another object of the invention is to provide an 
apparatus which does not have these drawbacks. 
This apparatus is characterized in that it comprises 
a second servosystem for transversally positioning 
the guide focus in the guide plane, a coupling of 
the control of the transversal position of the write 
focus to the second servosystem, a read tracking 
servosystem and a read focus servosystem for 
transversaily and longitudinally positioning, respec- 
tively, a read focus formed by a read beam, said 
servosystems using a tracking error signal and a 
focus error signal, respectively, generated by 
means of the read beam. The second servosystem 
holds the guide beam on the tracks in the guide 
plane. During writing the transversal position of the 
write focus is coupled to that of the guide focus 
because there is no tracking information in an 
unwritten recording plane. During reading the read 
focus must be held on the tracks in the recording 
plane by its own tracking servosystem. A coupling 
of the transversal position of the read focus to that 
of the guide focus as used during writing cannot be 
used during reading because the transversal posi- 
tioning of the write focus with respect to the guide 
focus during writing cannot be reproduced with 
sufficient accuracy during r ading. For similar rea- 
sons the r ad beam must hav its own focus 
servosystem. To this end an embodiment of the 



apparatus according to the inv ntion for writing a 
record carrier in which the recording planes are 
constituted by surfaces of separate recording lay- 
ers which are separated by spac r layers is char- 

5 acterized in that the apparatus comprises a third 
servosystem for longitudinally positioning the write 
focus in a recording plane, using a focus error 
signal which is supplied by the write beam. By 
virtue of the third servosystem the write focus 

w remains in the recording plane, independent of the 
parallelism of the recording plane and the guide 
plane. 

A further embodiment of the apparatus accord- 
ing to the invention for writing a recording plane in 

15 an unlaminated record carrier is characterized in 
that the apparatus comprises a coupling of the 
control of the longitudinal position of the write focus 
to the first servosystem. In an unlaminated record 
carrier a recording plane is not formed until the 

20 information is written. Prior to writing, the recording 
plane is not present so that a write focus cannot be 
adjusted. For this reason the longitudinal position of 
the write focus must be coupled to the guide focus 
during writing. 

25 An embodiment of the apparatus according to 

the invention may be further characterized in that 
the third and a fourth servosystem determine the 
longitudinal and transversal positions, respectively, 
of the read focus. Reading and writing can then be 

30 effected by means of the same radiation beam. In 
this case the apparatus requires only four ser- 
vosystems for the guide, write and read beams. 

A preferred embodiment of the apparatus ac- 
cording to the invention is characterized in that the 

35 first and second servosystems determine the lon- 
gitudinal and transversal positions, respectively, of 
the read focus. The same radiation beam can now 
be used as a guide beam and as a read beam. The 
apparatus then only requires three servosystems. 

40 To be able to separate the different radiation 
beams in the apparatus in order to detect them 
separately, the beams may have a different 
wavelength, a different state of polarization or a 
different spatial direction, or a combination thereof. 

45 If the detection systems for the guide beam 
and read or write beam on the one hand and the 
radiation sources on the other hand are located at 
different sides of the record carrier, the advantage 
is obtained that the power of a radiation beam to 

so be detected is independent of the ordinal number 
of the scanned recording layer. 

A third essential aspect of the invention is the 
possibility of detecting a recording plane having a 
d sir d ordinal number. When writing and reading 

55 a multilayer record carrier it is not sufficient for the 
scanning beam, or write/read beam, to b xactly 
focused on a recording plane, but it is at least as 
important that the correct, i.e. s lected plane is 
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focused. An apparatus providing this possibility is 
characterized by a recording plane selector which 
comprises a plane discriminator connected to the 
output of a focus error detection system of the 
scanning beam, a counter connected to said dis- 
criminator and a comparison circuit for comparing 
the counter contents with the ordinal number of a 
recording plane to be scanned. 

The plane selection method used in this ap- 
paratus differs considerably from and is more reli- 
able than that described in Japanese Patent Ap- 
plication 62-68207, which works with fixed longitu- 
dinal distances between the scanning focus and 
the guide focus. 

The presence of the focus servosystem for the 
read focus is a previously mentioned aspect of the 
invention. The signal supplied by the focus error 
detection system comprises information about the 
presence of a recording plane on or near the 
scanning focus. When the scanning focus is moved 
through the recording planes, the plane discrimina- 
tor can derive a pulse from the above-mentioned 
signal at any instant when a recording plane 
passes through the scanning focus. With reference 
to these pulses and the direction of movement of 
the scanning focus the counter determines the or- 
dinal number of the recording plane passing the 
scanning focus. In this way it is possible to focus 
the scanning beam on any desired layer. The plane 
selection method according to the invention is ap- 
plicable in all apparatuses for writing, reading or 
erasing multilayer optical record carriers which ac- 
tively focus on the different recording planes in the 
record carrier. 

A fourth aspect of the invention is the correc- 
tion of optical aberrations in the scanning beam for 
the different longitudinal positions of the scanning 
focus in the record carrier. The thickness of the 
record carrier traversed by the scanning beam as 
far as the scanning focus is dependent on the 
ordinal number of the recording plane to be 
scanned. This variable thickness introduces a vari- 
able quantity of spherical aberration in the scan- 
ning beam, which spherical aberration detrimentally 
influences the shape of the scanning focus. In the 
case of thickness variations of more than approxi- 
mately 100 urn the scanning beam must be cor- 
rected so as to maintain a satisfactory quality of 
the scanning focus. To this end an apparatus in 
accordance with the fourth aspect of the invention 
is characterized in that the apparatus includes at 
least one spherical aberration corrector for an ad- 
justable correction of spherical aberration in the 
scanning beam, the magnitud of the correction 
being dependent on the refractive index and the 
thickness of th material of the record carrier in the 
optical path of the scanning beam between th 
objective system and the scanned recording layer. 



A particular embodiment of such an apparatus is 
characterized in that th spherical aberration cor- 
rector having an adjustable correction is a transpar- 
ent plate comprising a plurality of areas of different 

5 thicknesses, each time one of said areas being 
present in the path of the scanning beam. Plane- 
parallel plates of, for example, glass or plastics 
material can easily be used to correct the spherical 
aberration for any recording plane to be scanned. 

10 It is to be noted that United States Patent no. 
3,999,009 also describes an apparatus for scanning 
a multilayer record carrier, which apparatus has a 
transparent plate which can be introduced into the 
scanning beam. This plate is intended to move the 

75 scanning focus longitudinally, with the objective 
system being stationary. In contrast to the plate 
according to the invention, the known plate does 
not correct the spherical aberration, but aggravates 
it. A further difference between the two plates is 

20 that the known plate should become thicker to 
move the scanning focus away from the objective 
system, and that the plate according to the inven- 
tion should become thinner. 

The spherical aberration corrector may be gen- 

25 erally used in an apparatus for scanning multilayer 
record carriers, not only in an apparatus using a 
guide beam and a scanning beam, but also in an 
apparatus without a guide beam. 

The method and apparatus according to the 

30 invention provide the possibility of using a novel 
type of record carrier which cannot only be written 
in a well-defined manner but also be read satisfac- 
torily. This record carrier therefore constitutes a 
fifth aspect of the invention and is characterized in 

35 that the record carrier has a recording layer of such 
a thickness that it can be provided with different 
recording planes which can be scanned separately. 
Such a thick recording layer can be made at a 
lower cost than a stack of recording layers and 

40 intermediate layers. The recording planes are not 
formed until the thick recording layer is written. 

A preferred embodiment of the record carrier is 
characterized in that the guide plane has an in- 
scribable layer. The number of recording planes in 

45 the recording layer is extended by one by provid- 
ing the guide plane with a sensitive layer. 

A further preferred embodiment of the record 
carrier is characterized in that the guide plane 
comprises non-erasable information which has 

so been prerecorded during the production of the 
record carrier. The non-erasable information en- 
hances the facilities of use of the record carrier and 
provides, for example, th possibility of distributing 
standard data or programs. The non- rasable in- 

55 formation can be laid down in the guide plane 
simultaneously with th tracking information by 
means of a stamping process, as described in, for 
example GB Patent Application 2,036.410. 
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The information in the recording planes is pref- 
erably coded in accordance with a self-clocking 
recording code. Since th recording planes do not 
comprise any synchronizing marks provided during 
production, the clock for decoding the signal which 
has been read from the written information in the 
recording planes, must be generated by the ap- 
paratus itself from said signal. 

Embodiments of the invention will now be de- 
scribed in greater detail by way of example with 
reference to the accompanying drawings in which 
Fig. 1a shows an embodiment of a plane selec- 
tor, 

Fig. 1b shows an embodiment of the apparatus 
according to the invention, 
Figs. 2a, 2b and 2c show embodiments of a 
record carrier having separate recording layers, 
Fig. 3 shows a record carrier having an un- 
laminated recording volume for use in the ap- 
paratus, 

Figs. 4a and 4b show embodiments of a longitu- 
dinal shifter, 

Figs. 4c and 4d show embodiments of a trans- 
versal shifter, and 

Fig. 5 shows a part of an embodiment of the 
apparatus for reading in transmission. 
Fig. 1 b shows a part of an optical record carrier 
1 in a cross-section. The record carrier has a 
reflecting guide plane 2 provided with guide tracks 
3 which are perpendicular to the plane of the 
drawing. These guide tracks are provided in the 
guide plane during the manufacture of the record 
carrier and may consist of, for example, continuous 
grooves or of series of pits in the guide plane. The 
record carrier also comprises various recording 
planes 4 one of which is shown in the drawing, 
intended for recording (user) data. The guide tracks 
of the guide plane are not copied in the recording 
planes. 

The apparatus for writing and reading informa- 
tion, for example, data in this record carrier uses 
two radiation beams, a guide beam 5 and a scan- 
ning beam 6. The guide beam 5 is shown in the 
drawing by means of solid lines and the scanning 
beam 6 is shown by means of broken lines. In 
parts of the optical path where the two beams may 
coincide, the solid line and the broken line are 
shown juxtaposed, just to indicate that there are 
two beams. 

The guide beam is generated by a radiation 
source 5* arranged in the focus of a lens 5" and 
passes to an objective system 10 via a mirror 9. 
This system focuses the giiid beam on th guide 
plane 2 of the record carrier. In ord r to keep the 
guide focus 11 of the guide beam in th guide 
plane when the r cord carri r is moving, the lon- 
gitudinal position of the focus, i.e. th position 
along the principal axis of th beam, must be 



actively controlled. To this end radiation reflected 
by the guide plane and captured by the objective 
system is passed from the guide beam to a first 
detection system 13 Wa a beam-separating ele- 

s ment 7, for example, a partially transparent mirror, 
and a lens 13V The output of this system supplies 
a focus error signal Sf, i.e. a signal which is repre- 
sentative of the distance between the guide plane 
and the plane in which the guide beam is focused 

w by the objective system. The focus error signal 
controls a linear motor 15 via a switch 30 and a 
first servo amplifier 14, which motor determines the 
longitudinal position of the objective system 10 and 
hence that of the guide focus 11. The detection 

75 system 13, the amplifier 14, the motor 15 and the 
objective system 10 jointly constitute the first ser- 
vosystem of the apparatus. This first servosystem 
ensures that the guide beam 5 is always exactly 
focused on the guide plane 2. This is necessary to 

20 ensure optimum detection in the guide information 
present in this plane so that, inter alia, the guide 
focus 11 always follows a desired track 3 in the 
guide plane. 

This tracking is possible because the detection 

25 system 13, which captures the guide beam radi- 
ation reflected by the guide plane, also supplies a 
so-called tracking error signal Sr. This signal is 
representative of the extent to which the centre of 
the guide focus coincides with the centre line of a 

30 track to be followed in the guide plane. The signal 
Sr controls a drive member 17 for the mirror 9 via 
a servo amplifier 16, which mirror is pivotally ar- 
ranged. By pivoting this mirror about an axis per- 
pendicular to the plane of the drawing, the guide 

35 focus can be displaced in the transversal direction, 
i.e. in a direction in the guide plane and transverse 
to the track direction. The detection system 13, the 
amplifier 16 and the drive member 17 with the 
mirror 9 constitute a second servosystem. 

40 The scanning beam is generated by a second 
radiation source 18 arranged in the focus of a lens 
18\ This beam is coupled by a reflecting element 
19 to a coupling element 8, for example, a partially 
transparent mirror or a wavelength-selective mirror 

45 in the path of the guide beam 5. Via the reflector 9 
this beam reaches the objective system 10 which 
forms a scanning focus 36. This scanning focus 
must always be positioned accurately, both in the 
longitudinal direction with respect to a recording 

so layer 4 to be scanned, and in the transversal direc- 
tion in this layer. 

As regards the tracking information or, more in 
general, th guide information, a record carrier 
having different recording layers may in principle 

55 be implemented in different ways. Fig. 2a shows a 
r cord carri r having a guide plan 2 which can b 
supported by a substrate 40. Th guide plane 
comprises guide tracks 3 in th form of continuous 
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grooves or consisting of discrete pits having a 
depth of the order of 60 nm. The recording layers 
4i to 4„ are preferably 10 to 100 nm thick and are 
separated by means of spacer layers 42. If these 
spacer layers are considerably thinner than 1 urn, 
the contours of the guide tracks 3, which in princi- 
ple are only provided in the guide plane, will also 
be present in the first recording layer 4i , the sec- 
ond recording layer 42, and so forth, but with a 
strongly decreasing depth and will therefore be 
less suitable for tracking. Said contours are not 
present in the higher information layers. 

Another possibility is to provide each recording 
layer separately with guide information, as is shown 
in Fig. 2b. However, for each recording layer a 
replication process must be performed with the aid 
of a stamp, which renders the manufacture of the 
record carrier very expensive. 

According to the invention use is made of a 
record carrier shown in Fig. 2a whose guide plane 
only is provided with guide information. When in- 
formation is being written in a recording layer, use 
is made of this guide information which is detected 
and followed with the guide beam. 

As already indicated hereinbefore and shown in 
Fig. 1b, this is realised in that the write beam is 
coupled into the path of the guide beam so that the 
write beam, and hence the write focus, is passed 
through the pivotal mirror 9 in the transversal direc- 
tion, simultaneously with the guide beam. In princi- 
ple, the write focus then follows the same track as 
the guide focus, while the second servosystem (13, 
16, 17, 9) enables the guide focus to follow the 
guide tracks 3 very accurately, for example, within 
100 nm. 

This passive transversal control of the scanning 
focus is satisfactorily usable during the writing op- 
eration because in this operation it is only impor- 
tant for the write focus to follow the same or similar 
track as the guide focus. It is then unnecessary for 
the write focus track projected in the guide plane to 
coincide exactly with that of the guide focus. This 
would be different if a recording plane which has 
already been written were read by means of a read 
focus whose tranversat position would be coupled 
to that of the guide focus in the manner described 
hereinbefore. In this coupling the mutual position of 
the scanning focus and the guide focus are deter- 
mined by the mutual position of the two radiation 
sources 5* and 18 and by the position of the beam 
splitters 7, 8 and 19. If the optical system between 
the radiation source and the focus has a magnifica- 
tion factor of, for example 5, the mutual distance 
between the radiation sources should b k pt con- 
stant within, for exampl , 500 nm so as to follow 
the tracks in th r cording plane within 100 nm. 
Due to mechanical instabilities and thermal effects, 
such tolerances are very difficult to realise in an 



apparatus. 

If a record carrier is to be written with a first 
apparatus and read with a corresponding second 
apparatus, the reading operation by means of a 

5 read beam and a guide beam poses the additional 
problem that the deviation between the positions of 
the guide focus and the read focus in one appara- 
tus is different from that in the other apparatus. 
To prevent said stringent tolerance require- 

10 ments and problems, the transversal position of the 
scanning focus is actively controlled according to 
the invention during the reading operation by 
means of read beam radiation reflected by a 
scanned recording plane. This radiation follows the 

75 path of the read beam in the reverse direction and 
is captured by a detection system 22 via the 
" partially transparent element 1 9 and a lens 22'. The 
transversal control of the read focus is performed 
by a third servosystem comprising the detection 

20 system 22, a first switch 23. a servo amplifier 24 
and a transversal shifter 25. The detection system 
22 supplies a tracking error signal S r1 which repre- 
sents the transversal distance between the scan- 
ning focus and the centre of a track in a recording 

25 plane. When a recording plane 4 is being written, 
the switch 23 is open and there is no active control 
for the tracking of the scanning focus. During read- 
ing the switch is closed and the tracking error 
signal Sri is passed on to the amplifier 24 which in 

30 its turn applies the amplified signal to the transver- 
sal shifter 25. The shifter is an optical element 
which can change the direction of the scanning 
beam through a small angle. The objective system 
converts this change of direction into a change of 

35 the transversal position of the scanning focus. The 
tracking control of this third servosystem may be 
superimposed on the control of the second ser- 
vosystem which operates via mirror 9. 

However, it is preferable to switch off the sec- 

40 ond servosystem during reading and to cause the 
servo amplifier 24 to control the mirror 9 instead of 
the transversal shifter 25. The latter is then super- 
fluous. 

If the recording layers have a thickness of 300 
45 to 500 nm and the spacer layers have a thickness 
of 0.5 to 1 urn, as proposed in Japanese Patent 
Application 63-234 418, there is the problem that, if 
the scanning beam is focused on one of the re- 
cording planes, a relatively small radiation spot is 
so formed at the area of the adjacent recording planes 
due to the not infinitely small depth of focus of the 
beam. The depth of focus of a beam having a 
numerical aperture of 0.52 and a wavelength of 
0.82 jm is ± 1.5 jum, which means that the inten- 
55 sity on the optical axis, at a point 1.5 urn away 
from the focal point, is still a factor of 0.8 times that 
in the focal point. When a recording plane is being 
written, an adjacent plan at a distanc of 1 urn will 
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also be written, while the adjacent planes will pro- 
duce strong interference signals wh n a recording 
plane is being read. 

This problem could be solved by r ndering the 
recording layers wavelength-selective and by plac- 
ing a separate radiation source in the apparatus for 
each layer. Then a scanning beam for a given 
recording plane will not influence other recording 
planes or will not be influenced. A drawback of this 
solution is the limited choice of materials for the 
recording planes and of radiation sources having 
different wavelengths. This considerably limits the 
possible number of recording planes in the record 
carrier. 

A better method is to render the thickness of 
the spacer layers 42 considerably larger than the 
depth of focus of the beam. However, this requires 
a production method which is different from that 
used for thin layers. Layers up to a thickness of 1 
urn can be made by sputtering or vapour deposi- 
tion. However, these processes are too time-con- 
suming for thicker layers. Spin-coating is better for 
this purpose. The current technology does not pro- 
vide the possibility of maintaining the thickness 
variation of spin-coated- layers well within 1 urn. 

Due to these thickness variations a passive 
longitudinal control of the scanning focus, as pro- 
posed in Japanese Patent Application 63-1298836, 
can no longer be used, in fact, in this control the 
scanning focus is longitudinally placed at discrete 
distances from the guide focus, which distances 
are determined by the ordinal number of the re- 
cording layer to be scanned. In this case the dis- 
tances between the guide plane 2 and the record- 
ing planes 4, and hence the thickness of the spac- 
er layers 42 are assumed to be very accurately 
constant. If the variation of the thickness of the 
spacer layer is larger than the depth of focus of the 
scanning beam, the scanning focus will not always 
be located in the recording plane to be scanned, 
even if the guide focus is located in the guide 
plane. 

According to the present invention this problem 
is solved by actively controlling the scanning focus 
during writing as well as during reading. Use is 
then made again of scanning beam radiation re- 
flected by the recording layer to be scanned, which 
radiation is captured by the detection system 22. 
This system supplies a focus error signal S n which 
comprises information about a deviation between 
the longitudinal position of the scanning focus and 
the recording plane to be scanned. The active 
longitudinal control of the scanning focus is per- 
formed by means of a fourth servosystem compris- 
ing the d tection system 22, a recording plane 
sel ctor 26, a servo amplifier 27, a second switch 
28 and a longitudinal shifter 20. The recording 
plane selector 26 in Fig. 1a comprises a plane 



discriminator 26i which supplies a pulse for each 
passage of th scanning focus through a recording 
plane. Use can then be made of, for example, the 
focus rror signal which has a zero crossing at 
s each recording plane and guide plane. If the scan- 
ning focus scans the layer packet of the record 
carrier, the plane discriminator will supply a pulse 
upon the passage of each recording plane. A coun- 
ter 262 counts the pulses, while the direction of 

70 movement of the scanning focus with respect to 
the recording planes determines whether additions 
or subtractions must be carried out. The output of 
counter 262 is connected to a first input of a 
comparison circuit 263, while the ordinal number of 

75 the selected recording layer is applied to a second 
input. At the instant when the desired recording 
plane passes, the focus error signal S n is passed 
on to the servo amplifier 27 via a switch 26+ which 
is operated by the comparison circuit 263. The 

20 output signal of this amplifier is applied to the 
longitudinal shifter 20 via a closed switch 28, so 
that the scanning focus is made to coincide with 
the selected recording plane. The focus control of 
this fourth servosystem is superimposed on the 

25 control of the first servosystem operating via ob- 
jective 10. It is now possible to actively keep both 
the guide focus and the scanning focus in the 
correct plane. 

When a focused beam passes through a plate 

30 of transparent material, the plate will generate a 
quantity of spherical aberration in the beam, pro- 
portional to the thickness of the plate. The spheri- 
cal aberration has a detrimental influence on the 
quality of the beam focus. The scanning focus 36 

35 can be positioned on different layers in the record 
carrier 1 . When the scanning focus is longitudinally 
shifted through the record carrier, the thickness of 
the record carrier material to be scanned between 
the objective system 10 and the scanning focus 36 

40 will change. As a result, the quantity of spherical 
aberration at the location of the scanning focus 
changes. Apparatuses comprising an objective sys- 
tem 10 having a numerical aperture of 0.52 can 
generally allow a thickness variation of + or -50 

45 jum without the scanning focus becoming too bad. 
In other words, the scanning focus has a depth 
range of 100 urn. If the recording planes have a 
mutual distance of approximately 15 urn, /.e. sev- 
eral times the depth of focus of the objective 

50 system, only a few recording planes can be pro- 
vided in a thickness of 100 urn. If more of such 
recording planes are to be provided in a record 
carrier, the scanning focus will have to shift mor 
than 100 urn. Then a corrector will be required to 

55 correct the generated spherical aberration in the 
scanning beam. A correction for v ry 50 or 100 
urn of longitudinal displacement of the scanning 
focus is generally sufficient. 
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A simple corrector comprises a plate of glass 
or synthetic material which can b placed in an 
uncollimated part of the scanning beam. The thick- 
ness and refractive index of the plate should be 
such that the quantity of spherical aberration in the 
scanning beam required for the correction is gen- 
erated. The thickness and refractive index are de- 
pendent on the vergence of the scanning beam at 
the area of the plate and at the area of the record 
carrier. 

A correction for spherical aberration in the ap- 
paratus of Fig. 1b can be performed by placing two 
correctors in the guide beam as well as in the 
scanning beam. A corrector C1, for example, a 
plate having areas of different thicknesses is ar- 
ranged in the scanning beam 6 between the radi- 
ation source 18 and the collimator lens 18*. The 
scanning beam can scan any of these areas by 
displacing the corrector. If the thinnest part of the 
corrector is present in the scanning beam and the 
scanning focus 36 is positioned on the recording 
layer 4 which is farthest remote from the objective 
system 10, the scanning focus should be substan- 
tially free from spherical aberration. This should be 
realised with a special lens design of the objective 
system. If the scanning focus is positioned on a 
recording layer closer to the objective system, a 
thicker part of the corrector C1 must be positioned 
in the scanning beam so as to obtain the desired 
correction of the spherical aberration. If it is neces- 
sary to have a minimum aberration at the area of 
the detection system 22, a second corrector C2, 
which is comparable to corrector C1, should also 
be arranged between said detection system and 
the lens 22\ The correctors C1 and C2 should 
always generate an equal quantity of spherical ab- 
erration in the scanning beam. A third corrector C3 
between the radiation source 5' and the collimator 
lens 5" should ensure that, after passage through 
the objective system having said special design, 
the guide beam 5 supplies a scanning focus 1 1 on 
the guide plane 2, which focus is free from aberra- 
tions. The same corrector C4 can be arranged in 
front of the detection system 13 for the same 
reason as the corrector C2 is arranged in front of 
the detection system 22. The correctors C3 and C4 
can be integrated with the lens 5" and the lens 13', 
respectively, by giving these lenses a modified 
design. The spherical aberration generated by the 
correctors C1 and C3 in the scanning and guide 
beams causes the beams to flare out between the 
correctors and the objective system. The detrimen- 
tal effects can b mitigated by shortening th op- 
tical paths of th guide and scanning b ams as 
much as possible. 

Th correctors C1 and C2 may alternativ ly 
comprise a plurality of plates each having a con- 
stant thickness, one or mor of which may be 



present in the scanning beam. 

An advantageous embodiment of the apparatus 
has only one corrector C5 in the longitudinal shifter 
20 to be described, instead of the two correctors 

5 C1 and C2 arranged in front of the radiation source 
18 and the detection system 22. As is shown in 
Fig. 4a, the construction of the corrector C5 can be 
compared with that of the corrector C1 . 

A further simplification is obtained if the guide 

10 plane 2 in the record carrier 1 is not the plane 
located closest to the objective system 10, as is 
shown in Fig. 1b, but if it is the farthest remote 
plane. The correctors C3 and C4 can then be 
dispensed with. 

75 In a special embodiment the scanning appara- 

tus using a guide beam and a scanning beam has 
only one corrector which is arranged between the 
objective lens 10 and the record carrier 1. The 
corrector influences the two beams at this location. 

20 The guide focus is then allowed to receive a cer- 
tain* quantity of spherical aberration from the cor- 
rector. This corrector increases the depth range of 
the scanning focus without correction at least by a 
factor of two. 

25 In a multilayer plate scanning apparatus without 

a guide beam the aberration correction can also be 
performed by one adjustable corrector which is 
arranged between the objective lens and the record 
carrier. 

30 The user data may be written in any form in 

the apparatus, dependent on the type of sensitive 
material in the recording plane: in the form of 
magnetic domains, in alloy phase-varied areas, in 
crystallisation state-varied areas, etc. The data in 

35 the recording planes can be read by means of the 
detection system 22 in the reflected scanning 
beam, which supplies an information signal S n 
a which is applied to a processing unit 32. As long as 
the detection system can read the data in a record- 

40 ing plane, there is certainly a signal which is strong 
enough to generate a tracking error and focus error 
signal for the control of the servosystems of the 
scanning beam. A reflection coefficient of a few 
percent of a recording plane is found to be suffi- 

45 cient already. 

When reading information, a clock signal for 
correctly decoding the read signal must be gen- 
erated in the processing unit 32. Each recording 
plane could be provided with synchronization 

so marks from which the clock signal can be derived. 
However, if this is done during manufacture, an 
expensive stamping or replica from process is re- 
quired for each recording layer. The r cord carrier 
ther for preferably comprises spin-coated layers 

55 without any synchronization marks stamped into 
them. In such a record carrier th clock signal must 
b generated from the information writt n into th 
recording plan s. It is therefor recommended to 
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write the data into the recording layer with a self- 
clocking code. The processing unit itself can then 
derive the clock signal from the information signal 
S M . An example of such a code is the (2,7) record- 
ing code known from United States Patent no. 
3,689,899. 

A novel embodiment of a record carrier which 
can be used in the apparatus described is shown in 
Fig. 3. The single recording layer 43 has such a 
thickness that various recording planes 4 can be 
written into it. Fig. 3 shows two recording planes. 
Before writing, the recording plane is still undefin- 
ed. Therefore, the scanning focus with which the 
plane is written should not only be coupled to the 
guide focus in the transversal direction but also in 
the longitudinal direction, which guide focus follows 
the tracks in the guide plane 2. During writing the 
switch 23 is open and the longitudinal position of 
the write focus is determined by an adjusting mem- 
ber 21 which is then connected to the longitudinal 
shifter 20 via the switch 28. This adjusting member 
supplies a signal which may have a number of 
discrete levels each corresponding to a given lon- 
gitudinal position of the write focus in the recording 
layer 43 of the record carrier shown in Fig. 3. After 
a given plane 4 of this record carrier has been 
written, it may serve as a plane for the active focus 
control. The switch 28 is then in a position in which 
the output of the servo amplifier 27 is connected to 
the longitudinal shifter 20. This control is used 
when reading a written layer 4, while switch 23 is 
closed. 

In a further embodiment of the record carrier 
the guide plane can also be provided with a sen- 
sitive layer so that this plane can also be provided 
with user data, thus increasing the storage capacity 
of the record carrier. 

If various users want to have a quantity of data 
available which is the same for all of them 
(standard data) in addition to their own specific 
data, the manufacturer can prerecord this standard 
data on the record carrier, preferably in the guide 
plane. 

Some aspects of the apparatus will be further 
described. Figs. 4a, 4b, 4c and 4d show several 
embodiments of the shifters 20 and 25. The lon- 
gitudinal shifter of Fig. 4a has two lenses 50 and 
51 producing an approximately collimated beam 6 
from the radiation emitted by the source 18. The 
vergence of the outgoing beams can be slightly 
changed by a small displacement of lens 51 along 
the optical axis. As a result, the focus formed by 
the objective 10 is displaced in the longitudinal 
direction. When using a focus motor, which is used 
in a known CD player for displacing lens 51, the 
scanning focus 36 can be positioned on a different 
recording layer within a few milliseconds. The plate 
C5 can be arranged between th lenses 50 and 51 



for correcting spherical aberration. Another embodi- 
ment of a longitudinal shifter, known from Japanese 
Patent Application 63-234418 is shown in Fig. 4b. 
The radiation from the source 18 is formed to an 

5 approximately collimated beam 6 by a collimator 
lens 52. The source 1 8 is arranged on a piezoelec- 
tric crystal 53. The laser can be displaced along 
the optical axis over a small distance by means of 
a voltage across the crystal. The vergence of the 

w outgoing beam can thereby be varied. 

The transversal shifter of Fig. 4c comprises a 
folding mirror 54 which is arranged in the scanning 
beam 6. A rotation of the mirror changes the direc- 
tion of the beam 6, which change of direction is 

is converted by the objective into a transversal shift 
of the scanning focus 36. The sub-plate 19 can be 
used as a folding mirror if the radiation source 18 
and the detection plane 22 are interchanged. The 
direction of the beam 6 can also be changed by 

20 means of an acousto-optical modulator 55, as is 
shown in Fig. 4d. The change of direction of the 
outgoing beam 6 is dependent on the control volt- 
age 56 which is applied to the modulator. 

The apparatus according to the invention may 

25 alternatively be formed without the transversal shift- 
er. Instead of a separate scanning beam 6, guide 
beam 5 is then used for reading the recording 
planes. During writing the scanning beam is used 
together with the guide beam, while an active tran- 

30 sversal control of the scanning beam is not neces- 
sary. 

For a satisfactory operation of the apparatus it 
is desirable to calibrate the longitudinal and trans- 
versal shifters 20 and 25. When an un laminated 
35 record carrier is being written, the longitudinal posi- 
tion of the write focus is determined by the adjust- 
ing member 21 and the longitudinal shifter 20. The 
inevitable variation of parameters in these compo- 
nents necessitates a calibration if the components 
40 are used in a non-feedback system. For the pur- 
pose of calibration the guide focus is positioned in 
the guide plane by means of the lens 10. Subse- 
quently, the adjusting member 21 is adjusted in 
such a way that the write focus is also located in 
45 the guide plane. This can be checked by compar- 
ing the information in the signal Sn of the detector 
22 and in the signal S( of the detector 13. Based on 
this calibrated adjustment, the longitudinal position 
of the write focus can now be changed in small 
so steps for writing the different recording planes. 

A comparable calibration of the transversal 
shifter 25 is to be recommended before writing in a 
recording plane. This is particularly desirable if the 
sam recording plane is further to be written ba- 
ss hind a pr viously written area in this recording 
plane. It is most lik ly that the transversal distance 
betwe n the guide focus and th write focus at the 
start of the second writing action will no longer be 
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the same as at the end of the previous writing 
action, which is due to adjustment variations in the 
apparatus. This presents the risk that the tracks to 
be written pass through the last-written tracks of 
the previous writing action. This can be avoided by 
means of a calibration. To this end the guide focus 
and the write focus are positioned in the guide 
plane, as described hereinbefore. Subsequently, 
the transversal shifter 25 is adjusted by means of 
an adjusting member (not shown in Fig. 1) so that 
the write focus is on the same track as the guide 
focus. This can be checked by comparing the 
information signals Si and S M of the guide beam 5 
and the beam 6, respectively. Subsequently the 
write focus can be moved to a recording plane to 
be written while maintaining the adjustment of the 
transversal shifter. 

Fig. 5 shows a part of an embodiment of the 
apparatus in which the record carrier is read in 
transmission. The scanning beam 6, shown in 
broken lines in the drawing, now scans all layers of 
the record carrier 1 so that the power of the beam 
to be detected is independent of the recording 
plane on which the scanning focus is positioned. A 
lens 61 focuses the beam which has passed the 
record carrier on a detector 62, which then supplies 
the information signal S M . If the scanning beam 6 
as well as the guide beam 5 are present during 
reading, a filter 63 is used which passes only one 
of the beams to the detector 62 so as to avoid 
disturbance of the information signal. 

Such a separation between the scanning beam 
and the guide beam is also necessary elsewhere in 
the apparatus to ensure that the detection systems 
13 and 22 in Fig. 1b only receive radiation from the 
beams 5 and 6, respectively. To this end two filters 
34 and 35 are arranged around beam splitter 8. 
The properties of the filters depend on the way of 
beam separation. When radiation sources of dif- 
ferent wavelengths are used, 34 and 35 will be 
chromatic filters. When different states of polariza- 
tion of beams 5 and 6 are used, 34 and 35 will be 
polarization filters. Such filters can be satisfactorily 
combined to a single element with the beam split- 
ter 8 in the form of a cube on which chromatic 
filters have been vapour-deposited or a cube hav- 
ing a polarization-sensitive splitting plane. If the 
beams 5 and 6 are given a slightly different direc- 
tion, 34 and 35 are spatial filters. Such a filter may 
consist of a telescopic system having a pinhole in 
the focal point, or of pinholes for the detection 
systems 13 and 22. Combinations of the above- 
mentioned thre beam- separating methods are 
alternativ ly possibl . If the separation of the 
beams reflected by th record carrier and the 
beams mitted by the radiation sources must be 
accompanied by a minimal amount of radiation 
loss, the beam splitter 8 may be replaced by a 



polarizing beam spitter and a X/4 plate. 

The detection systems 13 and 22 for generat- 
ing a focus error signal S», Sn, tracking error sig- 
nals S r , S r1 and information signals S ( , Sn ar only 

5 shown diagrammatically in Fig. 1b. Actually, a fo- 
cus error detection system may include an as- 
tigmatic element, for example a cylindrical lens 
which is arranged in the path of the reflected 
beam, and the radiation-sensitive detection system 

w may comprise four detection elements arranged in 
different quadrants. The so-called astigmatic focus 
error detection method as described in US Patent 
4,023,033 is then used. The focus error signal may 
alternatively be obtained by means of the so-called 

75 double Foucault method in which a roof prism is 
arranged in the reflected beam and in which four 
aligned detection elements are used. The Foucault 
method is described in, for example, US Patent 
4,533,826. Instead of a prism, it is alternatively 

20 possible to use a grating as described in US Patent 
4,665,310. 

The system for generating a tracking error sig- 
nal may comprise a grating in the path of the beam 
for forming three radiation spots on the record 

25 carrier, and three radiation-sensitive elements for 
capturing radiation from these three radiation spots, 
as described in US Patent 3,876,842. Another 
method of generating a tracking error signal is the 
so-called differential or push-pull method described 

30 in US Patent 4,491 ,940. 

The invention has been described with refer- 
ence to the embodiment of the apparatus as shown 
in Fig. 1b, in which the scanning beam is succes- 
sively used as a write beam and as a read beam. 

35 Consequently, the apparatus must have four ser- 
vosystems: a focus and tracking servosystem for 
the guide beam and a focus and tracking ser- 
vosystem for the scanning beam. In a preferred 
embodiment the scanning beam is used as a write 

40 beam only, while the guide beam is also used as a 
read beam. Since no active tracking control is 
required for the write beam during the writing pro- 
cess, three servosy stems may be sufficient in this 
apparatus: a focus and tracking system for the 

45 guide beam and a focus servosystem for the scan- 
ning beam. In this preferred embodiment it must 
be possible for the guide beam to be adjusted on 
any desired recording plane. To this end the focus 
servo should include a recording plane selector 29, 

so identical to the selector 26 described hereinbefore, 
which can be switched on by means of switch 30 
for a reading action. It is also possible to focus the 
guid beam on the guide plan by means of the 
recording plan selector 29. The switch 30 can 

55 then be dispensed with. 

It is of cours possibl to use various scanning 
beams, each with their own servosystems, in addi- 
tion to on guid beam in an apparatus. It is then 
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possible to write, read or erase two or more layers 
simultaneously in accordance with th inventive 
method. This increases the rate of data transmis- 
sion. 

Claims 

1. A method of optically writing and subsequent 
reading and/or erasing information in a record- 
ing plane of an optical record carrier having at 
least two recording planes and a guide plane, 
while during writing use is made of a guide 
beam having a guide focus and cooperating 
with the guide plane, and at least one write 
beam having a write focus for the recording 
planes, the guide focus and the write focus 
being formed by one objective system and the 
guide focus being held in the guide plane by 
means of a focus error signal generated by the 
guide beam, characterized in that 

during writing the transversal position of 
the write focus in a recording plane is coupled 
to the transversal position of the guide focus, 
the latter position being controlled by a track- 
ing error signal obtained from the cooperation 
. between the guide beam and the guide plane, 
and in that 

during reading and/or erasing: 

- a read focus formed by a read beam is 
held in the scanned recording plane by 
means of a focus error signal obtained 
from the cooperation between the read 
beam and the scanned recording plane, 
and 

- the transversal position of the read focus 
is controlled by a tracking error signal 
obtained from the cooperation between 
the read beam and the scanned record- 
ing plane. 

2. A method as claimed in Claim 1 , characterized 
in that the read beam used during reading or 
erasing is constituted by the guide beam. 

3. A method as claimed in Claim 1 or 2 for 
writing, reading and/or erasing a record carrier 
in which the recording planes are constituted 
by surfaces of separate recording layers which 
are separated by spacer layers, characterized 
in that during writing in a recording plane the 
write focus is held in the recording plane by 
means of a focus error signal which is obtained 
from the cooperation of the writ beam with 
the scanned recording plan . 

4. A method as claimed in Claim 1 or 2 for 
writing, reading and/or erasing an unlaminat d 
record carrier in which various recording 
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planes can be written, characterized in that 
during writing the longitudinal position of the 
write focus is guided by the longitudinal posi- 
tion of the guide focus, th distance between 
s the two positions being determined by the 

ordinal number of the recording plane to be 
written. 

5. An apparatus for performing the method as 
10 claimed in Claim 1 , which apparatus comprises 

at least one radiation source for supplying a 
guide beam and at least one write beam, an 
objective system for focusing the guide beam 
to a guide focus as well as for focusing the 

75 write beam to a write focus, and a first ser- 

vosystem for longitudinally positioning the 
guide focus in the guide plane, characterized 
in that the apparatus comprises a second ser- 
vosystem for transversaily positioning the 

20 guide focus in the guide plane, a coupling of 

the control of the transversal position of the 
write focus to the second servosystem, a read 
tracking servosystem and a read focus ser- 
vosystem for transversaily and longitudinally 

25 positioning, respectively, a read focus formed 

by a read beam, said servosystems using a 
tracking error signal and a focus error signal, 
respectively, generated by means of the read 
beam. 

30 

6. An apparatus as claimed in Claim 5 for writing, 
reading and/or erasing a record carrier in 
which the recording planes are constituted by 
surfaces of separate recording layers which 

35 are separated by spacer layers, characterized 

in that the apparatus comprises a third ser- 
vosystem for longitudinally positioning the 
write focus in a recording plane, using a focus 
error signal which is supplied by the write 

40 beam. 

7. An apparatus as claimed in Claim 5 for writing, 
reading and/or erasing an un laminated record 
carrier, characterized in that the apparatus 

45 comprises a coupling of the control of the 
longitudinal position of the write focus to the 
first servosystem. 

8. An apparatus as claimed in Claim 6, character- 
so ized in that the third and a fourth servosystem 

determine the longitudinal and transversal po- 
sitions, respectively, of the read focus. 

9. An apparatus as claimed in Claim 5, 6 or 7, 
55 characterized in that the first and second ser- 
vosystems determine the longitudinal and tran- 
sv rsal positions, r spectiv ly, of the r ad fo- 
cus. 
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10. An apparatus as claimed in any one of Claims 
5 to 9, characterized in that th guid b am 
has a wavelength which is different from that of 
the read or write beam and in that the appara- 
tus comprises wavelength-dependent beam- 
separating and combining means. 

11. An apparatus as claimed in any one of Claims 
5 to 10, characterized in that the guide beam 
has a state of polarization which is different 
from that of the read or write beam and in that 
the apparatus comprises polarization-depen- 
dent beam-separating and combining means. 

12. An apparatus as claimed in any one of Claims 
5 to 11, characterized in that the guide beam 
has a spatial direction which is different from 
that of the read or write beam and in that the 
apparatus comprises direction-dependent 
beam-separating and combining means. 

13. An apparatus as claimed in any one of Claims 
5 to 12, characterized in that the detection 
systems for the guide beam and the read or 

v write beam and the radiation source are lo- 
cated at different sides of the record carrier. 

14. An apparatus for writing, reading and/or eras- 
ing a multilayer record carrier, which apparatus 
comprises a radiation source for supplying a 
scanning beam, an objective system for focus- 
ing the scanning beam and a focus error de- 
tection system, characterized in that the ap- 
paratus is provided with a recording plane se- 
lector which comprises a plane discriminator 
connected to the output of the focus error 
detection system, a counter connected to the 
discriminator and a comparison circuit for com- 
paring the counter contents with the ordinal 
number of a recording plane to be scanned. 

15. An apparatus for optically writing, reading 
and/or erasing a multilayer record carrier, 
which apparatus comprises a radiation source 
for supplying a scanning beam and an objec- 
tive system for focusing the scanning beam on 
a recording layer, characterized in that the 
apparatus includes at least one spherical ab- 
erration corrector for an adjustable correction 
of spherical aberration in the scanning beam, 
the magnitude of the correction being depen- 
dent on the refractive index and the thickness 
of the material of the record carrier in the 
optical path of the scanning beam betwe n the 
objective system and the scann d recording 
layer. 

16. An apparatus as claimed in Claim 15, compris- 



ing a first radiation source for supplying a 
guide beam and a first radiation-sensitiv de- 
tection system for the guide beam coming 
from the record carrier, and a second radiation 

5 source for supplying a scanning beam and a 

second radiation-sensitive detection system for 
the scanning beam coming from the record 
carrier, characterized in that a first spherical 
aberration corrector having an adjustable cor- 

10 rection is arranged in the diverging scanning 

beam emitted by the second radiation source, 
and in that a second spherical aberration cor- 
rector having an adjustable correction is ar- 
ranged in the converging scanning beam which 

15 is incident on the second detection system. 

17. An apparatus as claimed in Claim 16, char- 
acterized in that a third spherical aberration 
corrector having a fixed correction is arranged 

20 in the diverging guide beam emitted by the 

first radiation source, and in. that a fourth 
spherical aberration corrector having a fixed 
correction is arranged in the converging guide 
beam which is incident on the first detection 

25 ' system. * 

18. An apparatus as claimed in Claim 15, 16 or 17, 
characterized in that the spherical aberration 
corrector having an adjustable correction com- 

30 prises at least one transparent plate and 

means for moving the at least one plate into 
and out of the scanning beam. 

19. An apparatus as claimed in Claim 15, 16, 17 or 
35 18, characterized in that the spherical aberra- 
tion corrector having an adjustable correction 
is a transparent plate comprising a plurality of 
areas of different thicknesses, each time one 
of said areas being present in the path of the 

40 scanning beam. 

20. A record carrier suitable for use in an appara- 
tus as claimed in Claim 7, using the method as 
claimed in Claim 4, characterized in that the 

45 record carrier has a recording layer of such a 

thickness that it can be provided with different 
recording planes which can be scanned sepa- 
rately. 

so 21. A record carrier suitable for use in an appara- 
tus as claimed in Claim 5, using a method as 
claimed in Claim 1, characterized in that the 
guid plane has an inscribable layer. 

55 22. A record carrier suitable for use in an appara- 
tus as claimed in Claim 5, using a m thod as 
claimed in Claim 1, characterized in that the 
guide plane comprises prerecord d non-eras- 
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able information. 

23. A record carrier for use in an apparatus as 
claimed in Claim 5, characterized in that the 
information in a recording plane is coded in s 
accordance with a self-clocking recording 
code. 
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© A method of and an apparatus for writing and 
reading and/or erasing a multilayer record carrier (1 ) 
having a guide plane (2) and a plurality of recording 
planes (4) are described, using a guide beam (5) 
which cooperates with the guide plane (2) and a 
scanning beam (6) for at least writing in the record- 
ing planes (4). During writing the position of the 
scanning focus (36) formed by the scanning beam 
(6) is coupled to the focus (1 1) of the guide beam (5) 
which is actively controlled by using guide informa- 
tion which is present in the guide plane (2). During 
reading the scanning beam (6) is actively controlled 
by its own servosystem (20-28). 
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Description 

The invention relates to a method of optically writing 
and subsequent reading and/or erasing information in a 
recording plane of an optical record carrier having at 5 
least two recording planes and a guide plane, while dur- 
ing writing use is made of a guide beam having a guide 
focus and cooperating with the guide plane, and at least 
one write beam having a write focus for the recording 
planes, the guide focus and the write focus being formed 10 
by one objective system and the guide focus being held 
in the guide plane by means of a focus error signal gen- 
erated by the guide beam. 

A method of the type mentioned in the opening par- 
agraph is described in Japanese Patent Application 15 
62-68207. In accordance with this method an objective 
system converges a guide beam to a guide focus on a 
guide plane in a record carrier. A focus servosystem 
controls the objective system in such a way that the 
guide focus remains in the guide plane in spite of pos- 20 
sible excursions of the record carrier. A read or write 
beam, or generally a scanning beam, is focused by the 
objective system on a recording plane to be written or 
read, which plane is parallel to the guide plane. For this 
purpose the read/write focus of a read/write beam 25 
formed by said objective system must be displaceable 
with respect to the guide focus in the longitudinal direc- 
tion, i.e. in the direction of the optical axis. Starting from 
a reference position of the scanning focus, which refer- 
ence position is equal to the desired position of the guide 30 
focus, this is realised by displacing the radiation source 
supplying the scanning beam along the optical axis over 
discrete distances which match the distances between 
the recording planes. 

To be able to use the known method with a so-called 35 
passive longitudinal adjustment of the scanning focus, 
the different recording planes of the record carrier must 
be very accurately parallel to the guide plane within the 
focus depth of the objective system, because otherwise 
the scanning focus is not always located in a recording 40 
plane to be scanned. A multilayer record carrier having 
such a high degree of parallelism of the. layers is difficult 
to manufacture and is consequently expensive. Moreo- 
ver, during writing, the scanning focus should accurately 
follow a given track in a recording plane to be scanned, 
while during reading the scanning focus should accu- 
rately follow the written information tracks. Said Japa- 
nese Patent Application 62-68207 does not reveal how 
this so-called transversal positioning of the scanning fo- 
cus must be realised. so 

The present invention has for its object to provide 
a method and apparatus of the type described in the 
opening paragraph in which a record carrier which can 
easily be manufactured can be used and in which the 
transversal positioning problem is also solved. 55 

In accordance with a first aspect of the invention the 
method is characterized in that during writing the trans- 
versal position of the write focus in a recording plane is 



coupled to the transversal position of the guide focus, 
the latter position being controlled by a tracking error 
signal obtained from the cooperation between the guide 
beam and the guide plane, and in that 
during reading and/or erasing: 

a read focus formed by a read beam is held in the 
scanned recording plane by means of a focus error 
signal obtained from the cooperation between the 
read beam and the scanned recording plane, and 
the transversal position of the read focus is control- 
led by a tracking error signal obtained from the co- 
operation between the read beam and the scanned 
recording plane. 

The invention is based on the recognition that the 
transversal position of the write focus can be controlled 
by coupling this position to that of the guide focus by 
means of guide information in only one plane of the 
record carrier when writing all recording layers, and that 
the read focus can be controlled independently of the 
guide focus when reading written recording layers. 

The guide focus is held on a track in the guide plane 
by a tracking servo. During writing, when there are still 
no tracks in the recording plane, the write focus is cou- 
pled to the guide focus as regards the transversal posi- 
tion, i.e. the position in a direction perpendicular to the 
optical axis as well as to the tracks. During reading the 
guide focus is held on the written tracks by means of an 
active control in the transversal direction. The read fo- 
cus is then also actively focused on the recording plane 
to be read. 

It is to be noted that Japanese Patent Application 
63-298836 describes a method using a guide beam and 
a write beam. However, each of these beams is focused 
by a separate objective system so that the coupling be- 
tween the two beams cannot be realised with sufficient 
accuracy. Moreover, the latter Patent Application does 
not describe the writing and reading of record carriers 
having various recording planes. 

If the method according to the invention is further 
characterized in that the read beam used during reading 
or erasing is constituted by the guide beam, it can be 
implemented with a small number of means and the ap- 
paratus for performing the method can be simplified. 

For writing a recording plane in a record carrier in 
which the recording planes are constituted by surfaces 
of separate recording layers which are separated by 
spacer layers, the method is preferably characterized in 
that the write focus is held in the recording plane by 
means of a focus error signal which is obtained from the 
cooperation of the write beam with the scanned record- 
ing plane. The write beam will then remain satisfactorily 
focused on the recording plane, even if the guide plane 
and the recording plane are not parallel within a focus 
depth. 

For writing a recording plane in an unlaminated 
record carrier the method is preferably characterized in 
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that the longitudinal position of the write focus is guided 
by the longitudinal position of the guide focus, the dis- 
tance between the two positions being determined by 
the ordinal number of the recording plane to be written. 
Use of this method leads to a record carrier in which one 
or more recording planes are formed. 

A second aspect of the invention relates to an ap- 
paratus for performing the method, which apparatus 
comprises at least one radiation source for supplying a 
guide beam and at least one write beam, an objective 
system for focusing the guide beam to a guide focus as 
well as for focusing the write beam to a write focus, and 
a first servosystem for longitudinally positioning the 
guide focus in the guide plane. Such an apparatus is 
known from said Japanese Patent Application 
62-68207. The drawback of this apparatus is that the 
read/write beam does not have any independent servo- 
systems for longitudinally and transversally positioning 
the read/write focus. 

Another object of the invention is to provide an ap- 
paratus which does not have these drawbacks. This ap- 
paratus is characterized in that it comprises a second 
servosystem for transversally positioning the guide fo- 
cus in the guide plane, a coupling of the control of the 
transversal position of the write focus to the second ser- 
vosystem, a read tracking servosystem and a read focus 
servosystem for transversally and longitudinally posi- 
tioning, respectively, a read focus formed by a read 
beam, said servosystems using a tracking error signal 
and a focus error signal, respectively, generated by 
means of the read beam. The second servosystem 
holds the guide beam on the tracks in the guide plane. 
During writing the transversal position of the write focus 
is coupled to that of the guide focus because there is no 
tracking information in an unwritten recording plane. 
During reading the read focus must be held on the tracks 
in the recording plane by its own tracking servosystem. 
A coupling of the transversal position of the read focus 
to that of the guide focus as used during writing cannot 
be used during reading because the transversal posi- 
tioning of the write focus with respect to the guide focus 
during writing cannot be reproduced with sufficient ac- 
curacy during reading. For similar reasons the read 
beam must have its own focus servosystem. To this end 
an embodiment of the apparatus according to the inven- 
tion for writing a record carrier in which the recording 
planes are constituted by surfaces of separate recording 
layers which are separated by spacer layers is charac- 
terized in that the apparatus comprises a third servosys- 
tem for longitudinally positioning the write focus in a re- 
cording plane, using a focus error signal which is sup- 
plied by the write beam. By virtue of the third servosys- 
tem the write focus remains in the recording plane, in- 
dependent of the parallelism of the recording plane and 
the guide plane. 

A further embodiment of the apparatus according 
to the invention for writing a recording plane in an un lam- 
inated record carrier is characterized in that the appa- 



ratus comprises a coupling of the control of the longitu- 
dinal position of the write focus to the first servosystem. 
In an unlaminated record carrier a recording plane is not 
formed until the information is written. Prior to writing, 
5 the recording plane is not present so that a write focus 
cannot be adjusted. For this reason the longitudinal po- 
sition of the write focus must be coupled to the guide 
focus during writing. 

An embodiment of the apparatus according to the 
10 invention may be further characterized in that the third 
and a fourth servosystem determine the longitudinal and 
transversal positions, respectively, of the read focus. 
Reading and writing can then be effected by means of 
the same radiation beam. In this case the apparatus re- 
quires only four servosystems for the guide, write and 
read beams. 

A preferred embodiment of the apparatus according 
to the invention is characterized in that the first and sec- 
ond servosystems determine the longitudinal and trans- 
versal positions, respectively, of the read focus. The 
same radiation beam can now be used as a guide beam 
and as a read beam. The apparatus then only requires 
three servosystems. 

To be able to separate the different radiation beams 
in the apparatus in order to detect them separately, the 
beams may have a different wavelength, a different 
state of polarization or a different spatial direction, or a 
combination thereof. 

. If the detection systems for the guide beam and 
read or write beam on the one hand and the radiation 
sources on the other hand are located at different sides 
of the record carrier, the advantage is obtained that the 
power of a radiation beam to be detected is independent 
of the ordinal number of the scanned recording layer. 

A third essential aspect of the invention is the pos- 
sibility of detecting a recording plane having a desired 
ordinal number. When writing and reading a multilayer 
record carrier it is not sufficient for the scanning beam, 
or write/read beam, to be exactly focused on a recording 
plane, but it is at least as important that the correct, i.e. 
selected plane is focused. An apparatus providing this 
possibility is characterized by a recording plane selector 
which comprises a plane discriminator connected to the 
output of a focus error detection system of the scanning 
beam, a counter connected to said discriminator and a 
comparison circuit for comparing the counter contents 
with the ordinal number of a recording plane to be 
scanned. 

The plane selection method used in this apparatus 
differs considerably from and is more reliable than that 
described in Japanese Patent Application 62-68207, 
which works with fixed longitudinal distances between 
the scanning focus and the guide focus. 

The presence of the focus servosystem for the read 
focus is a previously mentioned aspect of the invention. 
The signal supplied by the focus error detection system 
comprises information about the presence of a record- 
ing plane on or near the scanning focus. When the scan- 
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ning focus is moved through the recording planes, the 
plane discriminator can derive a pulse from the above- 
mentioned signal at any instant when a recording plane 
passes through the scanning focus. With reference to 
these pulses and the direction of movement of the scan- 
ning focus the counter determines the ordinal number 
of the recording plane passing the scanning focus. In 
this way it is possible to focus the scanning beam on 
any desired layer The plane selection method accord- 
ing to the invention is applicable in all apparatuses for 
writing, reading or erasing multilayer optical record car- 
riers which actively focus on the different recording 
planes in the record carrier. 

A fourth aspect of the invention is the correction of 
optical aberrations in the scanning beam for the different 
longitudinal positions of the scanning focus in the record 
carrier. The thickness of the record carrier traversed by 
the scanning beam as far as the scanning focus is de- 
pendent on the ordinal number of the recording plane to 
be scanned. This variable thickness introduces a varia- 
ble quantity of spherical aberration in the scanning 
beam, which spherical aberration detrimentally influenc- 
es the shape of the scanning focus. In the case of thick- 
ness variations of more than approximately 100 urn the 
scanning beam must be corrected so as to maintain a 
satisfactory quality of the scanning focus. To this end an 
apparatus' in accordance with the fourth aspect of the 
invention is characterized in that the apparatus includes 
at least one spherical aberration corrector for an adjust- 
able correction of spherical aberration in the scanning 
beam, the magnitude of the correction being dependent 
on the refractive index and the thickness of the material 
of the record carrier in the optical path of the scanning 
beam between the objective system and the scanned 
recording layer. 

It is to be noted that United States Patent no. 
3,999,009 also describes an apparatus for scanning a 
multilayer record carrier, which apparatus has a trans- 
parent plate which can be introduced into the scanning 
beam. This plate is intended to move the scanning focus 
longitudinally, with the objective system being station- 
ary. In contrast to the plate according to the invention, 
the known plate does not correct the spherical aberra- 
tion, but aggravates it. A further difference between the 
two plates is that the known plate should become thicker 
to move the scanning focus away from the objective sys- 
tem, and that the plate according to the invention should 
become thinner. 

The spherical aberration corrector may be generally 
used in an apparatus for scanning multilayer record car- 
riers, not only in an apparatus using a guide beam and 
a scanning beam, but also in an apparatus without a 
guide beam. 

The method and apparatus according to the inven- 
tion provide the possibility of using a novel type of record 
carrier which cannot only be written in a welklefined 
manner but also be read satisfactorily. This record car- 
rier therefore constitutes a fifth aspect of the invention 



and is characterized in that the record carrier has a re- 
cording layer of such a thickness that it can be provided 
with different recording planes which can be scanned 
separately. Such a thick recording layer can be made at 
5 a lower cost than a stack of recording layers and inter- 
mediate layers. The recording planes are not formed un- 
til the thick recording layer is written. 

A preferred embodiment of the record carrier is 
characterized in that the guide plane has an inscribable 
io layer. The number of recording planes in the recording 
layer is extended by one by providing the guide plane 
with a sensitive layer. 

A further preferred embodiment of the record carrier 
is characterized in that the guide plane comprises non- 
erasable information which has been prerecorded dur- 
ing the production of the record carrier. The non-erasa- 
ble information enhances the facilities of use of the 
record carrier and provides, for example, the possibility 
of distributing standard data or programs. The non -eras- 
able information can be laid down in the guide plane si- 
multaneously with the tracking information by means of 
a stamping process, as described in, for example GB 
Patent Application 2,036,41 0. ; 

The information in the recording planes is prefera- 
bly coded in accordance with a self-clocking recording 
code. Since the recording planes do not comprise any 
synchronizing marks provided during production, the 
clock for decoding the signal which has been read from 
the written information in the recording planes, must be 
generated by the apparatus itself from said signal. 

Embodiments of the invention will now be described 
in greater detail by way of example with reference to the 
accompanying drawings in which 

Fig. 1a shows an embodiment of a plane selector, 
Fig. 1 b shows an embodiment of the apparatus ac- 
cording to the invention, 

Figs. 2a, 2b and 2c show embodiments of a record 
carrier having separate recording layers, 
Fig. 3 shows a record carrier having an un laminated 
recording volume for use in the apparatus, 
Figs. 4a and 4b show embodiments of a longitudinal 
shifter, 

Figs. 4c and 4d show embodiments of a transversal 
shifter, and 

Fig. 5 shows a part of an embodiment of the appa- 
ratus for reading in transmission. 

Fig. 1b shows a part of an optical record carrier 1 
in a cross-section. The record carrier has a reflecting 
guide plane 2 provided with guide tracks 3 which are 
perpendicular to the plane of the drawing. These guide 
tracks are provided in the guide plane during the man- 
ufacture of the record carrier and may consist of, for ex- 
ample, continuous grooves or of series of pits in the 
guide plane. The record carrier also comprises various 
recording planes 4 one of which is shown in the drawing, 
intended for recording (user) data. The guide tracks of 
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the guide plane are not copied in the recording planes. 

The apparatus for writing and reading information, 
for example, data in this record carrier uses two radia- 
tion beams, a guide beam 5 and a scanning beam 6. 
The guide beam 5 is shown in the drawing by means of 
solid lines and the scanning beam 6 is shown by means 
of broken lines. In parts of the optical path where the 
two beams may coincide, the solid line and the broken 
line are shown juxtaposed, just to indicate that there are 
two beams. 

The guide beam is generated by a radiation source 
5' arranged in the focus of a lens 5" and passes to an 
objective system 10 via a mirror 9. This system focuses 
the guide beam on the guide plane 2 of the record car- 
rier. In order to keep the guide focus 11- of the guide 
beam in the guide plane when the record carrier is mov- 
ing, the longitudinal position of the focus, i.e. the position 
along the principal axis of the beam, must be actively 
controlled. To this end radiation reflected by the guide 
plane and captured by the objective system is passed 
from the guide beam to a first detection system 13 via 
a beam-separating element 7, for example, a partially 
transparent mirror, and a lens 1 3'. The output of this sys- 
tem supplies a focus error signal Sf, i.e. a signal which 
is representative of the distance between the guide 
plane and the plane in which the guide beam is focused 
by the objective system. The focus error signal controls 
a linear motor 15 via a switch 30 and a first servo am- 
plifier 14, which motor determines the longitudinal posi- 
tion of the objective system 10 and hence that of the 
guide focus 11 . The detection system 13, the amplifier 
1 4, the motor 1 5 and the objective system 1 0 jointly con- 
stitute the first servosystem of the apparatus. This first 
servosystem ensures that the guide beam 5 is always 
exactly focused on the guide plane 2. This is necessary 
to ensure optimum detection in the guide information 
present in this plane so that, inter alia, the guide focus 
1 1 always follows a desired track 3 in the guide plane. 

This tracking is possible because the detection sys- 
tem 1 3, which captures the guide beam radiation reflect- 
ed by the guide plane, also supplies a so-called tracking 
error signal Sr. This signal is representative of the extent 
to which the centre of the guide focus coincides with the 
centre line of a track to be followed in the guide plane. 
The signal Sr controls a drive member 17 for the mirror 
9 via a servo amplifier 16, which mirror is pivotally ar- 
ranged. By pivoting this mirror about an axis perpendic- 
ular to the plane of the drawing, the guide focus can be 
displaced in the transversal direction, i.e. in a direction 
in the guide plane and transverse to the track direction. 
The detection system 1 3, the amplifier 1 6 and the drive 
member 17 with the mirror 9 constitute a second servo- 
system. 

The scanning beam is generated by a second radi- 
ation source 18 arranged in the focus of a lens 18'. This 
beam is coupled by a reflecting element 1 9 to a coupling 
element 8, for example, a partially transparent mirror or 
a wavelength-selective mirror in the path of the guide 



beam 5. Via the reflector 9 this beam reaches the ob- 
jective system 1 0 which forms a scanning focus 36. This 
scanning focus must always be positioned accurately, 
both in the longitudinal direction with respect to a record- 
5 ing layer 4 to be scanned, and in the transversal direc- 
tion in this layer. 

As regards the tracking information or, more in gen- 
eral, the guide information, a record carrier having dif- 
ferent recording layers may in principle be implemented 
in different ways. Fig. 2a shows a record carrier having 
a guide plane 2 which can be supported by a substrate 
40. The guide plane comprises guide tracks 3 in the form 
of continuous grooves or consisting of discrete pits hav- 
ing a depth of the order of 60 nm. The recording layers 
4 1 to 4 n are preferably 10 to 100 nm thick and are sep- 
arated by means of spacer layers 42. If these spacer 
layers are considerably thinner than 1 ujn, the contours 
of the guide tracks 3, which in principle are only provided 
in the guide plane, will also be present in the first record- 
ing layer 4-, , the second recording layer 42, and so forth, 
but with a strongly decreasing depth and will therefore 
be less suitable for tracking. Said contours are not 
present in the higher information layers. 

Another possibility is to provide each recording lay- 
er separately with guide information, as is shown in Fig. 
2b. However, for each recording layer a replication proc- 
ess must be performed with the aid of a stamp, which 
renders the manufacture of the record carrier very ex- 
pensive. 

According to the invention use is made of a record 
carrier shown in Fig. 2a whose guide plane only is pro- 
vided with guide information. When information is being 
written in a recording layer, use is made of this guide 
information which is detected and followed with the 
guide beam. 

As already indicated hereinbefore and shown in Fig. 
1 b, this is realised in that the write beam is coupled into 
the path of the guide beam so that the write beam, and 
hence the write focus, is passed through the pivotal mir- 
ror 9 in the transversal direction, simultaneously with the 
guide beam. In principle, the write focus then follows the 
same track as the guide focus, while the second servo- 
system (13, 16, 17, 9) enables the guide focus to follow 
the guide tracks 3 very accurately, for example, within 
100 nm. 

This passive transversal control of the scanning fo- 
cus is satisfactorily usable during the writing operation 
because in this operation it is only important for the write 
focus to follow the same or similar track as the guide 
focus. It is then unnecessary for the write focus track 
projected in the guide plane to coincide exactly with that 
of the guide focus. This would be different if a recording 
plane which has already been written were read by 
means of a read focus whose tranversal position would 
be coupled to that of the guide focus in the manner de- 
scribed hereinbefore. In this coupling the mutual posi- 
tion of the scanning focus and the guide focus are de- 
termined by the mutual position of the two radiation 
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sources 5* and 18 and by the position of the beam split- 
ters 7, 8 and 1 9. If the optical system between the radi- 
ation source and the focus has a magnification factor of, 
for example 5, the mutual distance between the radia- 
tion sources should be kept constant within, for exam- 
ple, 500 nm so as to follow the tracks in the recording 
plane within 1 00 nm. Due to mechanical instabilities and 
thermal effects, such tolerances are very difficult to re- 
alise in an apparatus. 

If a record carrier is to be written with a first appa- 
ratus and read with a corresponding second apparatus, 
the reading operation by means of a read beam and a 
guide beam poses the additional problem that the devi- 
ation between the positions of the guide focus and the 
read focus in one apparatus is different from that in the 
other apparatus. 

To prevent said stringent tolerance requirements 
and problems, the transversal position of the scanning 
focus is actively controlled according to the invention 
during the reading operation by means of read beam 
radiation reflected by a scanned recording plane. This 
radiation follows the path of the read beam in the reverse 
direction and is captured by a detection system 22 via 
the partially transparent element 1 9 and a lens 22*. The 
transversal control of the read focus is performed by a 
third servosystem comprising the detection system 22, 
a first switch 23, a servo amplifier 24 and a transversal 
shifter 25. The detection system 22 supplies a tracking 
error signal S r1 which represents the transversal dis- 
tance between the scanning focus and the centre of a 
track in a recording plane. When a recording plane 4 is 
being written, the switch 23 is open and there is no active 
control for the tracking of the scanning focus. During 
reading the switch is closed and the tracking error signal 
S r1 is passed on to the amplifier 24 which in its turn ap- 
plies the amplified signal to the transversal shifter 25. 
The shifter is an optical element which can change the 
direction of the scanning beam through a small angle. 
The objective system converts this change of direction 
into a change of the transversal position of the scanning 
focus. The tracking control of this third servosystem may 
be superimposed on the control of the second servosys- 
tem which operates via mirror 9. 

However, it is preferable to switch off the second 
servosystem during reading and to cause the servo am- 
plifier 24 to control the mirror 9 instead of the transversal 
shifter 25. The latter is then superfluous. 

If the recording layers have a thickness of 300 to 
500 nm and the spacer layers have a thickness of 0.5 
to 1 u/n, as proposed in Japanese Patent Application 
63-234 418, there is the problem that, if the scanning 
beam is focused on one of the recording planes, a rel- 
atively small radiation spot is formed at the area of the 
adjacent recording planes due to the not infinitely small 
depth of focus of the beam. The depth of focus of a beam 
having a numerical aperture of 0.52 and a wavelength 
of 0.82 uin is ± 1 .5 urn, which means that the intensity 
on the optical axis, at a point 1 .5 u/n away from the focal 



point, is still a factor of 0.8 times that in the focal point. 
When a recording plane is being written, an adjacent 
plane at a distance of 1 urn will also be written, while the 
adjacent planes will produce strong interference signals 
5 when a recording plane is being read. 

This problem could be solved by rendering the re- 
cording layers wavelength-selective and by placing a 
separate radiation source in the apparatus for each lay- 
er. Then a scanning beam for a given recording plane 
10 will not influence other recording planes or will not be 
influenced. A drawback of this solution is the limited 
choice of materials for the recording planes and of radi- 
ation sources having different wavelengths. This con- 
siderably limits the possible number of recording planes 
in the record carrier. 

A better method is to render the thickness of the 
spacer layers 42 considerably larger than the depth of 
focus of the beam. However, this requires a production 
method which is different from that used for thin layers. 
Layers up to a thickness of 1 um can be made by sput- 
tering or vapour deposition. However, these processes 
are too time-consuming for thicker layers. Spin-coating 
is better for this purpose. The current technology does 
not provide the possibility of maintaining the thickness 
variation of spin -coated layers well within 1 |im. 

Due to these thickness variations a passive longi- 
tudinal control of the scanning focus, as proposed in 
Japanese Patent Application 63-1298836, can no long- 
er be used. In fact, in this control the scanning focus is 
longitudinally placed at discrete distances from the 
guide focus, which distances are determined by the or- 
dinal number of the recording layer to be scanned. In 
this case the distances between the guide plane 2 and 
the recording planes 4, and hence the thickness of the 
spacer layers 42 are assumed to be very accurately con- 
stant. If the variation of the thickness of the spacer layer 
is larger than the depth of focus of the scanning beam, 
the scanning focus will not always be located in the re- 
cording plane to be scanned, even if the guide focus is 
located in the guide plane. 

According to the present invention this problem is 
solved by actively controlling the scanning focus during 
writing as well as during reading. Use is then made 
again of scanning beam radiation reflected by the re- 
cording layer to be scanned, which radiation is captured 
by the detection system 22. This system supplies a fo- 
cus error signal S n which comprises information about 
a deviation between the longitudinal position of the 
scanning focus and the recording plane to be scanned. 
The active longitudinal control of the scanning focus is 
performed by means of a fourth servosystem compris- 
ing the detection system 22, a recording plane selector 
26, a servo amplifier 27, a second switch 28 and a lon- 
gitudinal shifter 20. The recording plane selector 26 in 
Fig. 1a comprises a plane discriminator 26 n which sup- 
plies a pulse for each passage of the scanning focus 
through a recording plane. Use can then be made of, for 
example, the focus error signal which has a zero cross- 
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ing at each recording plane and guide plane. If the scan- 
ning focus scans the layer packet of the record carrier, 
the plane discriminator will supply a pulse upon the pas- 
sage of each recording plane. A counter 262 counts the 
pulses, while the direction of movement of the scanning 
focus with respect to the recording planes determines 
whether additions or subtractions must be carried out. 
The output of counter 26 2 is connected to a first input of 
a comparison circuit 26 3 , while the ordinal number of the 
selected recording layer is applied to a second input. At 
the instant when the desired recording plane passes, 
the focus error signal S n is passed on to the servo am- 
plifier 27 via a switch 26 4 which is operated by the com- 
parison circuit 26 3 . The output signal of this amplifier is 
applied to the longitudinal shifter 20 via a closed switch 
28, so that the scanning focus is made to coincide with 
the selected recording plane. The focus control of this 
fourth servosystem is superimposed on the control of 
the first servosystem operating via objective 1 0. It is now 
possible to actively keep both the guide focus and the 
scanning focus in the correct plane. 

When a focused beam passes through a plate of 
transparent material, the plate will generate a quantity 
of spherical aberration in the beam, proportional to the 
thickness of the plate. The spherical aberration has a 
detrimental influence on the quality of the beam focus. 
The scanning focus 36 can be positioned on different 
layers in the record carrier 1 . When the scanning focus 
is longitudinally shifted through the record carrier, the 
thickness of the record carrier material to be scanned 
between the objective system 10 and the scanning fo- 
cus 36 will change. As a result, the quantity of spherical 
aberration at the location of the scanning focus chang- 
es. Apparatuses comprising an objective system 10 
having a numerical aperture of 0.52 can generally allow 
a thickness variation of + or -50 urn without the scanning 
focus becoming too bad. In other words, the scanning 
focus has a depth range of 100 um If the recording 
planes have a mutual distance of approximately 15 um, 
i.e. several times the depth of focus of the objective sys- 
tem, only a few recording planes can be provided in a 
thickness of 100 um If more of such recording planes 
are to be provided in a record carrier, the scanning focus 
will have to shift more than 100 um Then a corrector 
will be required to correct the generated spherical aber- 
ration in the scanning beam. A correction for every 50 
or 100 fim of longitudinal displacement of the scanning 
focus is generally sufficient. 

A simple corrector comprises a plate of glass or syn- 
thetic material which can be placed in an uncollimated 
part of the scanning beam. The thickness and refractive 
index of the plate should be such that the quantity of 
spherical aberration in the scanning beam required for 
the correction is generated. The thickness and refractive 
index are dependent on the vergence of the scanning 
beam at the area of the plate and at the area of the 
record carrier. 

A correction for spherical aberration in the appara- 



tus of Fig. 1 b can be performed by placing two correctors 
in the guide beam as well as in the scanning beam. A 
corrector C1, for example, a plate having areas of dif- 
ferent thicknesses is arranged in the scanning beam 6 

5 between the radiation source 18 and the collimator lens 
1 8V The scanning beam can scan any of these areas by 
displacing the corrector. If the thinnest part of the cor- 
rector is present in the scanning beam and the scanning 
focus 36 is positioned on the recording layer 4 which is 

10 farthest remote from the objective system 1 0, the scan- 
ning focus should be substantially free from spherical 
aberration. This should be realised with a special lens 
design of the objective system. If the scanning focus is 
positioned on a recording layer closer to the objective 

75 system, a thicker part of the corrector C1 must be posi- 
tioned in the scanning beam so as to obtain the desired 
correction of the spherical aberration. If it is necessary 
to have a minimum aberration at the area of the detec- 
" tion system 22, a second corrector C2, which is compa- 

20 rable to corrector C1 , should also be arranged between 
said detection system and the lens 22'. The correctors 
C1 and C2 should always generate an equal quantity of 
spherical aberration in the scanning beam. A third cor- 
rector C3 between the radiation source 5' and the colli- 

25 . mator lens 5" should ensure that, after passage through 
the objective system having said special design, the 
' guide beam 5 supplies a scanning focus 11 on the guide 
plane 2, which focus is free from aberrations. The same 
corrector C4 can be arranged in front of the detection 

30 system 13 for the same reason as the corrector C2 is 
arranged in front of the detection system 22. The cor- 
rectors C3 and C4 can be integrated with the lens 5" 
and the lens 1 3', respectively, by giving these lenses a 
modified design. The spherical aberration generated by 

35 the correctors C1 and C3 in the scanning and guide 
beams causes the beams to flare out between the cor- 
rectors and the objective system. The detrimental ef- 
fects can be mitigated by shortening the optical paths of 
the guide and scanning beams as much as possible. 

40 The correctors C1 and C2 may alternatively com- 
prise a plurality of plates each having a constant thick- 
ness, one or more of which may be present in the scan- 
ning beam. 

An advantageous embodiment of the apparatus has 
45 only one corrector C5 in the longitudinal shifter 20 to be 
described, instead of the two correctors C1 and C2 ar- 
ranged in front of the radiation source 18 and the detec- 
tion system 22. As is shown in Fig. 4a, the construction 
of the corrector C5 can be compared with that of the 
50 corrector C1. 

A further simplification is obtained if the guide plane 
2 in the record carrier 1 is not the plane located closest 
to the objective system 1 0, as is shown in Fig. 1 b, but if 
it is the farthest remote plane. The correctors C3 and 
55 C4 can then be dispensed with. 

In a special embodiment the scanning apparatus 
using a guide beam and a scanning beam has only one 
corrector which is arranged between the objective lens 
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1 0 and the record carrier 1 . The corrector influences the 
two beams at this location. The guide focus is then al- 
lowed to receive a certain quantity of spherical aberra- 
tion from the corrector This corrector increases the 
depth range of the scanning focus without correction at 
least by a factor of two. 

In a multilayer plate scanning apparatus without a 
guide beam the aberration correction can also be per- 
, formed by one adjustable corrector which is arranged 
between the objective lens and the record carrier. 

The user data may be written in any form in the ap- 
paratus, dependent on the type of sensitive material in 
the recording plane; in the form of magnetic domains, 
in alloy phase-varied areas, in crystallisation state-var- 
ied areas, etc. The data in the recording planes can be 
read by means of the detection system 22 in the reflect- 
ed scanning beam, which supplies an information signal 
S M which is applied to a processing unit 32. As long as 
the detection system can read the data in a recording 
plane, there is certainly a signal which is strong enough 
to generate a tracking error and focus error signal for 
the control of the servosystems of the scanning beam, 
A reflection coefficient of a few percent of a recording 
plane is found to be sufficient already. 

When reading information, a clock signal for cor* 
rectly decoding the read signal must be generated in the 
processing unit 32. Each recording plane could be pro- 
vided with synchronization marks from which the clock 
signal can be derived. However, if this is done during 
manufacture, an expensive stamping or replica from 
process is required for each recording layer. The record 
carrier therefore preferably comprises spin-coated lay- 
ers without any synchronization marks stamped into 
them. In such a record carrier the clock signal must be 
generated from the information written into the recording 
planes. It is therefore recommended to write the data 
into the recording layer with a self-clocking code. The 
processing unit itself can then derive the clock signal 
from the information signal S h . An example of such a 
code is the (2,7) recording code known from United 
States Patent no. 3,689,899. 

A novel embodiment of a record carrier which can 
be used in the apparatus described is shown in Fig. 3. 
The single recording layer 43 has such a thickness that 
various recording planes 4 can be written into it. Fig. 3 
shows two recording planes. Before writing, the record- 
ing plane is still undefined. Therefore, the scanning fo- 
cus with which the plane is written should not only be 
coupled to the guide focus in the transversal direction 
but also in the longitudinal direction, which guide focus 
follows the tracks in the guide plane 2. During writing 
the switch 23 is open and the longitudinal position of the 
write focus is determined by an adjusting member 21 
which is then connected to the longitudinal shifter 20 via 
the switch 28. This adjusting member supplies a signal 
which may have a number of discrete levels each cor- 
responding to a given longitudinal position of the write 
focus in the recording layer 43 of the record carrier 



shown in Fig. 3. After a given plane 4 of this record car- 
rier has been written, it may serve as a plane for the 
active focus control. The switch 28 is then in a position 
in which the output of the servo amplifier 27 is connected 

5 to the longitudinal shifter 20. This control is used when 
reading a written layer 4, while switch 23 is closed. 

In a further embodiment of the record carrier the 
guide plane can also be provided with a sensitive layer 
so that this plane can also be provided with user data, 

10 thus increasing the storage capacity of the record carri- 
er. 

If various users want to have a quantity of data avail- 
able which is the same for all of them (standard data) in 
addition to their own specific data, the manufacturer can 
is prerecord this standard data on the record carrier, pref- 
erably in the guide plane. 

Some aspects of the apparatus will be further de- 
scribed. Figs. 4a, 4b, 4c and 4d show several embodi- 
ments of the shifters 20 and 25. The longitudinal shifter 
of Fig. 4a has two lenses 50 and 51 producing an ap- 
proximately collimated beam 6 from the radiation emit- 
ted by the source 18. The vergence of the outgoing 
beams can be slightly changed by a small displacement 
of lens 51 along the optical axis. As a result, the focus 
formed by the objective 10 is displaced in the longitudi- 
nal direction. When using a focus motor, which is used 
in a known CD player for displacing lens 51, the scan- 
ning focus 36 can be positioned on a different recording 
layer within a few milliseconds. The plate C5 can be ar- 
ranged between the lenses 50 and 51 for correcting 
spherical aberration. Another embodiment of a longitu- 
dinal shifter, known from Japanese Patent Application 
63-234418 is shown in Fig. 4b. The radiation from the 
source 18 is formed to an approximately collimated 
beam 6 by a collimator lens 52. The source 18 is ar- 
ranged on a piezoelectric crystal 53. The laser can be 
displaced along the optical axis over a small distance 
by means of a voltage across the crystal. The vergence 
of the outgoing beam can thereby be varied. 

The transversal shifter of Fig. 4c comprises a fold- 
ing mirror 54 which is arranged in the scanning beam 6. 
A rotation of the mirror changes the direction of the 
beam 6, which change of direction is converted by the 
objective into a transversal shift of the scanning focus 
36. The sub-plate 1 9 can be used as a folding mirror if 
the radiation source 18 and the detection plane 22 are 
interchanged. The direction of the beam 6 can also be 
changed by means of an acousto-optical modulator 55, 
as is shown in Fig. 4d. The change of direction of the 
outgoing beam 6 is dependent on the control voltage 56 
which is applied to the modulator. 

The apparatus according to the invention may alter- 
natively be formed without the transversal shifter. In- 
stead of a separate scanning beam 6, guide beam 5 is 
then used for reading the recording planes. During writ- 
ing the scanning beam is used together with the guide 
beam, while an active transversal control of the scan- 
ning beam is not necessary. 
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For a satisfactory operation of the apparatus it is 
desirable to calibrate the longitudinal and transversal 
shifters 20 and 25. When an unlaminated record carrier 
is being written, the longitudinal position of the write fo- 
cus is determined by the adjusting member 21 and the 
longitudinal shifter 20. The inevitable variation of param- 
eters in these components necessitates a calibration if 
the components are used in a non-feedback system. For 
the purpose of calibration the guide focus is positioned 
in the guide plane by means of the lens 1 0. Subsequent- 
ly, the adjusting member 21 is adjusted in such a way 
that the write focus is also located in the guide plane. 
This can be checked by comparing the information in 
the signal S M of the detector 22 and in the signal S ( of 
the detector 1 3. Based on this calibrated adjustment, the 
longitudinal position of the write focus can now be 
changed in small steps for writing the different recording 
planes. 

A comparable calibration of the transversal shifter 
25 is to be recommended before writing in a recording 
plane. This is particularly desirable if the same recording 
plane is further to be written behind a previously written 
area in this recording plane. It is most likely that the 
transversal distance between the guide focus and the 
write focus at the start of the second writing action will 
no longer be the same as at the end of the previous writ- 
ing action, which is due to adjustment variations in the 
apparatus. This presents the risk that the tracks to be 
written pass through the last-written tracks of the previ- 
ous writing action. This can be avoided by means of a 
calibration. To this end the guide focus and the write fo- 
cus are positioned in the guide plane, as described here- 
inbefore. Subsequently, the transversal shifter 25 is ad- 
justed by means of an adjusting member (not shown in 
Fig. 1) so that the write focus is on the same track as 
the guide focus. This can be checked by comparing the 
information signals Sj and S M of the guide beam 5 and 
the beam 6, respectively. Subsequently the write focus 
can be moved to a recording plane to be written while 
maintaining the adjustment of the transversal shifter. 

Fig. 5 shows a part of an embodiment of the appa- 
ratus in which the record carrier is read in transmission. 
The scanning beam 6, shown in broken lines in the 
drawing, now scans all layers of the record carrier 1 so 
that the power of the beam to be detected is independ- 
ent of the recording plane on which the scanning focus 
is positioned. A lens 61 focuses the beam which has 
passed the record carrier on a detector 62, which then 
supplies the information signal Sj-,. If the scanning beam 
6 as well as the guide beam 5 are present during read- 
ing, a filter 63 is used which passes only one of the 
beams to the detector 62 so as to avoid disturbance of 
the information signal. 

Such a separation between the scanning beam and 
the guide beam is also necessary elsewhere in the ap- 
paratus to ensure that the detection systems 1 3 and 22 
in Fig. 1b only receive radiation from the beams 5 and 
6, respectively. To this end two filters 34 and 35 are ar- 
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ranged around beam splitter 8. The properties of the fil- 
ters depend on the way of beam separation. When ra- 
diation sources of different wavelengths are used, 34 
and 35 will be chromatic filters. When different states of 
5 polarization of beams 5 and 6 are used, 34 and 35 will 
be polarization filters. Such filters can be satisfactorily 
combined to a single element with the beam splitter 8 in 
the form of a cube on which chromatic filters have been 
vapour-deposited or a cube having a polarization-sen - 
10 srtive splitting plane. If the beams 5 and 6 are given a 
slightly different direction, 34 and 35 are spatial filters. 
Such a filter may consist of a telescopic system having 
a pinhole in the focal point, or of pinholes for the detec- 
tion systems 1 3 and 22. Combinations of the above- 
is mentioned three beam- separating methods are alter- 
natively possible. If the separation of the beams reflect- 
ed by the record carrier and the beams emitted by the 
radiation sources must be accompanied by a minimal 
amount of radiation loss, the beam splitter 8 may be re- 
placed by a polarizing beam spitter and a A/4 plate. 

The detection systems 1 3 and 22 for generating a 
focus error signal S f , S fl , tracking error signals S r , S^ 
and information signals S i( S n are only shown diagram- 
matically in Fig. 1b. Actually, a focus error detection sys- 
tem may include an astigmatic element, for example a 
cylindrical lens which is arranged in the path of the re- 
flected beam, and the radiation -sensitive detection sys- 
tem may comprise four detection elements arranged in 
different quadrants. The so-called astigmatic focus error 
detection method as described in US Patent 4,023,033 
is then used. The focus error signal may alternatively be 
obtained by means of the so-called double Foucault 
method in which a roof prism is arranged in the reflected 
beam and in which four aligned detection elements are 
used. The Foucault method is described in, for example, 
US Patent 4,533,826. Instead of a prism, it is alterna- 
tively possible to use a grating as described in US Patent 
4,665,310. 

The system for generating a tracking error signal 
may comprise a grating in the path of the beam for form- 
ing three radiation spots on the record carrier, and three 
radiation-sensitive elements for capturing radiation from 
these three radiation spots, as described in US Patent 
3,876,842. Another method of generating a tracking er- 
ror signal is the so-called differential or push-pull meth- 
od described in US Patent 4,491 ,940. 

The invention has been described with reference to 
the embodiment of the apparatus as shown in Fig. 1 b, 
in which the scanning beam is successively used as a 
write beam and as a read beam. Consequently, the ap- 
paratus must have four servosystems: a focus and 
tracking servosystem for the guide beam and a focus 
and tracking servosystem for the scanning beam. In a 
preferred embodiment the scanning beam is used as a 
write beam only, while the guide beam is also used as 
a read beam. Since no active tracking control is required 
for the writ beam during the writing process, three ser- 
vosystems may be sufficient in this apparatus: a focus 
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and tracking system for the guide beam and a focus ser- 
vosystem for the scanning beam. In this preferred em- 
bodiment it must be possible for the guide beam to be 
adjusted on any desired recording plane. To this end the 
focus servo should include a recording plane selector $ 
29, identical to the selector 26 described hereinbefore, 
which can be switched on by means of switch 30 for a 
reading action. It is also possible to focus the guide 
beam on the guide plane by means of the recording 
plane selector 29. The switch 30 can then be dispensed io 
with. 

It is of course possible to use various scanning 
beams, each with their own servosystems, in addition 
to one guide beam in an apparatus. It is then possible 
to write, read or erase two or more layers simultaneously is 
in accordance with the inventive method. This increases 
the rate of data transmission. 



Claims 

1 . A method of optically writing and subsequent read- 
ing and/or erasing information in a recording, plane 
(4) of an optical record carrier (1) having at least 
two recording planes and a guide plane (2), while 
during writing use is made of a guide beam (5) hav- 
ing a guide focus (11) and cooperating with the 
guide plane, and at least one write beam (6) having 
a write focus (36) for the recording planes, the guide 
focus and the write focus being formed by one ob- 
jective system (10) and the guide focus being held 
in the guide plane by means of a focus error signal 
(S f ) generated by the guide beam, characterized in 
that 

during writing the transversal position of the 
write focus in a recording plane is coupled to 
the transversal position of the guide focus, the 
latter position being controlled by a tracking er- 
ror signal (S r ) obtained from the cooperation 
between the guide beam and the guide plane, 
and in that 

during reading and/or erasing: 



2. A method as claimed in Claim 1 , characterized in 
that the read beam used during reading or erasing 
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is constituted by the guide beam (6). 

3. A method as claimed in Claim 1 , characterized in 
that the read beam and write beam are constituted 
by one and the same beam, which beam can be 
operated in a write mode and a read mode. 

4. A method as claimed in Claim 1 or 2 for writing, 
reading and/or erasing a record carrier in which the 
recording planes are constituted by surfaces of sep- 
arate recording layers (4) which are separated by 
spacer layers (42), characterized in that during writ- 
ing in a recording plane the write focus is held in the 
recording plane by means of a focus error signal 
(S n ) which is obtained from the cooperation of the 
write beam with the scanned recording plane. 

5. A method as claimed in Claim 1 or 2 for writing, 
reading and/or erasing an un laminated record car- 
rier in which various recording planes (4) can be 
written, characterized in that during writing the lon- 
gitudinal position of the write focus (36) is guided 
by the longitudinal position of the guide focus (11), 
the distance between the two positions being deter- 
mined by the ordinal number of the recording plane 
to be written. 

6. An apparatus for optically writing or reading a mul- 
tilayer optical record carrier having a guide plane, 
which apparatus comprises at least one radiation 
source (5', 18) for supplying a guide beam (5) and 
at least one write beam (6), an objective system (1 0) 
for focusing the guide beam to a guide focus (11) 
as well as for focusing the write beam to a write fo- 
cus (36), and a first servosystem (14, 15) for longi- 
tudinally positioning the guide focus in the guide 
plane, characterized in that the apparatus compris- 
es a second servosystem (16, 17) for transversally 
positioning the guide focus in the guide plane, a 
coupling of the control of the transversal position of 
the write focus to the second servosystem, a read 
tracking servosystem (16, 17; 24, 25) and a read 
focus servosystem (14, 15; 20, 27) for transversally 
and longitudinally positioning, respectively, a read 
focus (36) formed by a read beam (5; 6), said ser- 
vosystems using a tracking error signal (S r ; S r1 ) and 
a focus error signal (S^ S n ), respectively, generated 
by means of the read beam. 

7. An apparatus as claimed in Claim 6, characterized 
in that the read beam used during reading or eras- 
ing is constituted by the guide beam (6). 

8. An apparatus as claimed in Claim 6, characterized 
in that the read beam and write beam are constitut- 
ed by one and the same beam, which beam can be 
operated in a write mode and a read mode. 



25 



30 



35 



a read focus (36) formed by a read beam *s 
(6) is held in the scanned recording plane 
by means of a focus error signal (S n ) ob- 
tained from the cooperation between the 
read beam and the scanned recording 
plane, and so 
the transversal position of the read focus is 
controlled by a tracking error signal (S r1 ) 
obtained from the cooperation between the 
read beam and the scanned recording 
plane. & 
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9. An apparatus as claimed in Claim 6 for writing, read- 
ing and/or erasing a record carrier in which record- 
ing planes are constituted by surfaces of separate 
recording layers (4) which are separated by spacer 
layers (42), characterized in that the apparatus 
comprises a third servosystem (20, 27) for longitu- 
dinally positioning the write focus in a recording 
plane, using a focus error signal which is supplied 
by the write beam. 

1 0. An apparatus as claimed in Claim 6 for writing, read- 
ing and/or erasing an unlaminated record carrier, 
characterized in that the apparatus comprises a 
coupling of the control of the longitudinal position of 
the write focus to the first servosystem. 

11. An apparatus as claimed in Claim 9, characterized 
in that the third and a fourth servosystem (20, 27; 
24, 25) determine the longitudinal and transversal 
positions, respectively, of the read focus. 

12. An apparatus as claimed in Claim 8, 9 or 10, char- 
acterized in that the first and second servosystems 
(14, 15; 16, 17) determine the longitudinal and 
transversal positions, respectively, of the read fo- 
cus. 

13. An apparatus as claimed in any one of Claims 6 to 
12, characterized in that the guide beam (5) has a 
wavelength which is different from that of the read 
or write beam (6) and in that the apparatus compris- 
es wave length -dependent beam-separating and 
combining means (8). 

14. An apparatus as claimed in any one of Claims 6 to 

13 characterized in that the guide beam (5) has a 
state of polarization which is different from that of 
the read or write beam (6) and in that the apparatus 
comprises polarization-dependent beam-separat- 
ing and combining means (8). 

15. An apparatus as claimed in any one of Claims 6 to 

14 characterized in that the guide beam (5) has a 
spatial direction which is different from that of the 
read or write beam (6) and in that the apparatus 
comprises direction-dependent beam-separating 
and combining means (8). 

16. An apparatus as claimed in any one of Claims 6 to 

15 characterized in that the detection systems (62) 
for the guide beam (5) and the read or write beam 
(6) and the radiation source (5', 18) are located at 
different sides of the record carrier (1). 

17. An apparatus as claimed in Claim 6, characterized 
in that it is provided with a focus error detection sys- 
tem (22) and a recording plane selector (26) com- 
prising a plane discriminator (26 A ) connected to the 



36132B1 20 

output of the focus error detection system, a counter 
(26 2 ) connected to the discriminator and a compar- 
ison circuit (26 3 ) for comparing the counter contents 
with the ordinal number of a recording plane (4) to 
5 be scanned. 

18. An apparatus as claimed in Claim 6, characterized 
in that it includes at least one spherical aberration 
corrector (C1 ) for an adjustable correction of spher- 

io ical aberration in the write or read beam (6), the 
magnitude of the correction being dependent on the 
refractive index and the thickness of the material of 
the record carrier (1 ) in the optical path of the scan- 
ning beam between the objective system (10) and 

15 the scanned recording layer (4). 

19. An apparatus as claimed in Claim 18, comprising a 
first radiation source (5') for supplying a guide beam 
(5) and a first radiation-sensitive detection system 

20 (13) for the guide beam coming from the record car- 
rier (1 ), and a second radiation source (18) for sup- 
plying a scanning beam (6) and a second radiation- 
sensitive detection system (22) for the scanning 
beam coming from the record carrier, characterized 

25 in that a first spherical aberration corrector, (C1) 
having an adjustable correction is arranged in the 
diverging scanning beam emitted by the second ra- 
diation source, and in that a second spherical aber- 
ration corrector (C2) having an adjustable correc- 

30 tion is arranged in the converging scanning beam 
which is incident on the second detection system. 

20. An apparatus as claimed in Claim 1 9, characterized 
in that a third spherical aberration corrector (C3) 

35 having a fixed correction is arranged in the diverg- 
ing guide beam emitted by the first radiation source 
(5*), and in that a fourth spherical aberration correc- 
tor (C4) having a fixed correction is arranged in the 
converging guide beam which is incident on the first 

40 detection system (1 3). 

21 . An apparatus as claimed in Claim 1 8, 1 9 or 20, char- 
acterized in that the spherical aberration corrector 
(C1 , C2) having an adjustable correction comprises 

« at least one transparent plate and means for moving 
the at least one plate into and out of the scanning 
beam. 

22. An optical record carrier having at least two record- 
so ing planes, characterized in that it comprises a 

guide plane provided with tracking information, and 
in that the recording planes do not comprise track- 
ing information prior to recording. 

55 23. An optical record carrier as claimed in Claim 22, 
characterized in that it comprises a recording layer 
of such a thickness that it can be provided with dif- 
ferent recording planes which can be scanned sep- 
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arately. 

24. An optical record carrier as claimed in Claim 22, 3. 
characterized in that the guide plane has an inscrib- 

able layer. 5 

25. An optical record carrier as claimed in Claim 22, 
characterized in that the guide plane comprises pre- 
recorded non-erasable information. 4. 

10 

26. An optical record carrier as claimed in Claim 22, 
characterized in that data recorded in the recording 
planes is coded in accordance with a self-clocking 
recording code. 

15 

PatentansprOcho 

1. Verfahren zum auf optischem Wege Einschreiben 
und nachfolgenden Auslesen und/oder Loschen 20 
von Information in einer Aufzeichnungsflache (4) ei- 

nes optischen Aufzeichnungstragers (1), der mit 5. 
mindestens zwei Aufzeichnungsflachen und einer 
Fuhrungsflache (2) versehen ist, wobei wahrend 
des Einschreibevorgangs ein mit der Fuhrungsfla- 2$ 
che zusammenarbeitendes Fuhrungsbundel (5) mit 
einem Fuhrungsfokus (11) und mindestens ein 
Schreibbundel (6) mit einem Schreibfokus (36) fur 
die Aufzeichnungsflachen verwendet wird, wobei 
der Fuhrungsfokus und der Schreibfokus durch ein 30 
und dasselbe Objektivsystem (10) gebildet werden 
und der Fuhrungsfokus mit Hilfe eines von dem 
Fuhrungsbundel erzeugten Fokusfehlersignals (S f ) 6. 
in der Fuhrungsflache gehalten wird, dadurch ge- 
kennzeichnet , daG 35 

beim Einschreiben die Querlage des Schreib- 
fokus in einer Aufzeichnungsflache an die Querlage 
des Fuhrungsfokus relatiert ist, wobei diese letztge- 
nannte Lage durch ein Spurfolgefehlersignal (S r ) 
gesteuert wird, das erhalten worden ist aus der Zu- 40 
sammenarbeit zwischen dem Fuhrungsbundel und 
der Fuhrungsflache, und daG beim Lesen und/oder 
Loschen: 

ein durch das Lesebundel (6) gebildeter Lese- « 
fokus (36) mit Hilfe eines aus der Zusammen- 
arbeit zwischen dem Lesebundel und der ab- 
getasteten Aufzeichnungsflache erhaltenen 
Fokusfehlersignals (S n ) in der abgetasteten 
Aufzeichnungsflache gehalten wird, und so 
die Querlage des Lesefokus durch ein aus der 
Zusammenarbeit des Lesebundels und der ab- 
getasteten Aufzeichnungsflache erhaltenes 
Spurfolgefehlersignal (S^) gesteuert wird. 

55 

2. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net , daG das beim Auslesen oder Loschen verwen- 

dete Lesebundel durch das Fuhrungsbundel (6) ge- 7. 



bildet wird. 

Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net , daG das Lesebundel und das Schreibbundel 
durch ein und dasselbe Bundel gebildet werden, 
wobei dieses Bundel in einer Schreib- und in einer 
Lesemode arberten kann. 

Verfahren nach Anspruch 1 oder 2 zum Schreiben, 
Lesen und/oder Loschen eines Aufzeichnungstra- 
gers, wobei die Aufzeichnungsflachen durch Ober- 
flachen einzelner Aufzeichnungsschichten (4) ge- 
bildet werden, die durch Trennschichten (42) von- 
einander getrennt sind, dadurch gekennzeichnet , 
daG beim Einschreiben in einer Aufzeichnungsfla- 
che der Schreibfokus durch ein Fokusfehlersignal 
(S n ) in der Aufzeichnungsflache gehalten wird, wo- 
bei dieses Signal aus der Zusammenarbeit des 
Schreibbundels mit der abgetasteten Aufzeich- 
nungsflache erhalten wird. 

Verfahren nach Anspruch 1 oder 2 zum Einschrei- 
ben, Auslesen und/oder Loschen eines nicht-lami- 
nierten Aufzeichnungstragers wobei mehrere Auf- 
zeichnungsflachen (4) beschrieben wwerden kon- 
nen, dadurch gekennzeichnet , daG beim Einschrei- 
ben die Langsposition des Schreibfokus (36) durch 
die Langsposition des Fuhrungsfokus (11) gefuhrt 
wird, wobei der Abstand zwischen den beiden Po- 
sitionen durch die Rangnummer der einzuschrei- 
benden Aufzeichnungsflache bestimmt ist. 

Vorrichtung zum optischen Einschreiben oder Aus- 
lesen eines Mehrflachen-Aufzeichnungstragers mit 
einer Fuhrungsflache, wobei diese Vorrichtung we- 
nigstens eine Strahlungsquelle (5', 18) aufweist 
zum Liefern eines Fuhrungsbundels (5) und minde- 
stens eines Schreibbundels (6), ein Objektivsystem 
(10) zum Fokussieren des Fuhrungsbundels zu ei- 
nem Fuhrungsfokus (11), sowie zum Fokussieren 
des Schreibbundels zu einem Schreibfokus (36), 
und ein erstes Servosystem (14, 15) zum in der 
Langsrichtung Positionieren des Fuhrungsfokus in 
der Fuhrungsflache, dadurch gekennzeichnet , daG 
die Vorrichtung ein zweites Servosystem (16, 17) 
aufweist zur Querpositionterung des Fuhrungsfo- 
kus in der Fuhrungsflache, eine Kopplung der 
Steuerung der Querposition des Schreibfokus mit 
dem zweiten Servosystem, ein Lesespurfolgeser- 
vosystem (16, 17; 24, 25) und ein Lesefokusservo- 
system (14, 15; 20, 27) zur Quer- bzw. Langsposi- 
tionierung eines durch ein Lesebundel (5; 6) gebil- 
deten Lesefokus (36), wobei in diesen Servosyste- 
men ein mit Hilfe des Lesebundels erzeugtes Spur- 
folgefehlersignal (Rp S rt ) bzw. ein Fokusfehlersi- 
gnal (S f ; S n ) benutzt wird. 

Vorrichtung nach Anspruch 6, dadurch gekenn- 
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zeichnet , daB das Beim Einschreiben oder Loschen 
benutzte LesebOndel durch das Fuhrungsbundel 
(6) gebildet wird. 

8. Vorrichtung nach Anspruch 6, dadurch gekenn- 5 
zeichnet , daB das LesebOndel und das SchreibbOn- 
del durch ein und dasselbe Bundel gebildet werden, 
wobei dieses Bundel in einer Schreib- sowie eine 
Lesemode arbeiten kann. 

10 

9. Vorrichtung nach Anspruch 6 zum Einschreiben, 
Auslesen und/oder Loschen eines Aufzeichnungs- 
tragers, wobei Aufzeichnungsflachen vorgesehen 
sind, die durch Flachen einzelner Aufzeichnungs- 
schichten (4) gebildet werden, die durch Trenn- is 
schichten (42) voneinander getrennt sind, dadurch 
gekennzeichnet , daB die Vorrichtung ein drittes 
Servosystem (20, 27) aufweist zur Langspositionie- 
rung des Schreibfokus in einer Aufzeichnungsfla- 
che, wobei ein Fokusfehlersignal benutzt wird, das 20 
von dem SchreinbOndel geliefert wird. 

10. Vorrichtung nach Anspruch 6 zum Einschreiben, 
Auslesen und/oder Loschen eines nicht-laminierten 
Aufzeichnungstlagers, dadurch gekennzeichnet , 25 
daB die Vorrichtung eine Kopplung der Steuerung 
der Langsposition des Schreibfokus mit dem ersten 
Servosystem aufweist. 

11. Vorrichtung nach Anspruch 9, dadurch gekenn- 30 
zeichnet , daB das dritte und das vierte Servosystem 
(20, 27; 24, 25) die Langs- bzw. Querposition des 
Lesefokus bestimmen. 

12. Vorrichtung nach Anspruch 8, 9 oder 10, dadurch 35 
gekennzeichnet, daB das erste und zweite Servo- 
system (14, 15; 16, 17) die Langs- bzw. die Quer- 
position des Lesefokus bestimmen, 

1 3. Vorrichtung nach einem der Anspruche 6 bis 1 2, da; *o 
durch gekennzeichnet , daB das Fuhrungsbundel 

(5) eine Wellenlange aufweist, die von der des Le- 
se- oder SchreibbOndels (6) abweicht und daB die 
Vorrichtung wellenlangenabhangige Bundelspalt- 
und-kombiniermittel (8) aufweist 45 

1 4. Vorrichtung nach einem der Anspruche 6 bis 1 3, da- 
durch gekennzeichnet , daB das Fuhrungsbundel 
(5) einen anderen Polarisation szustand hat als das 
Lese- oder SchreibbOndel und daB die Vorrichtung 50 
polarisationsabhangige BOndelspalt-und-kombi- 
niermittel (8) aufweist. 

1 5. Vorrichtung nach einem der Anspruche 6 bis 1 4, da- 
durch gekennzeichnet , daB das Fuhrungsbundel ei- 55 
ne raumliche Richtung aufweist, die anders ist als 

die des Lese- oder Schreibbundels (6) und daB die 
Vorrichtung richtungsabhangige Bundelspalt-und- 



kombiniermittel (8) aufweist. 

1 6. Vorrichtung nach einem der Anspruche 6 bis 1 5, da- 
durch gekennzeichnet , daB die Detektionssysteme 
(62) fur das Fuhrungsbundel (5) und das Lese- oder 
Schreibbundel (6) und die Strahlungsquelle (5\ 18) 
an verschiedenen Seiten des Aufzeichnungstra- 
gers (1) liegen. 

17. Vorrichtung nach Anspruch 6, dadurch gekenn- 
zeichnet , daB sie mit einem Fokusfehlerdetektions- 
system (22) und mit einem Aufzeichnungsflachen- 
selektor (26) versehen ist, der einen Flachendiskri- 
minator (26^ aufweist, der mit dem Ausgang des 
Fokusfehlerdetektionssystems verbunden ist, so- 
wie einen Zahler (263), der mit dem Diskriminator 
verbunden ist und eine Vergleichsschaltung (26 3 ) 
zum Vergleichen des Zahlerinhaltes mit der betref- 
fenden Nummer einer abzutastenden Aufzeich- 
nungsflache (4). 

18. Vorrichtung nach Anspruch 6, dadurch gekenn- 
zeichnet , daB sie wenigstens ein spharisches Ab- 
errationskorrekturelement (C1) aufweist zum Korri- 
gieren spharischer Aberration in dem Schreib- oder 
LesebOndel, wobei die GroBe der Korrektur von der 
Brechzahl und der Dicke des Materials des Auf- 
zeichnungstragers (1) in dem optischen Weg des 
AbtastbOndels zwischen dem Objektivsystem (10) 
und der abgetasteten Aufzeichnungsfiache (4) ab- 
hangig ist. 

19. Vorrichtung nach Anspruch 18, mit einer ersten 
Strahlungsquelle (5') zum Liwefern eines FOh- 
rungsbundels (5) und mit einem ersten strahlungs- 
empfindlichen Detektionssystem (13) fOr das von 
dem Aufzeichnungstrager (1) herOhrende Fuh- 
rungsbOndel und mit einer zweiten Strahlungsquel- 
le (18) zum Lief em eines AbtastbOndels (6) und mit 
einem zweiten strahlungsempfindlichen Detekti- 
onsystem (22) fOr das von dem Aufzeichnungstra- 
ger herrOhrende AbtastbOndel, dadurch gekenn- 
zeichnet , daB ein erstes Korrkturelement (C1) mit 
einstellbarer Korrektur zum Korrigieren spharischer 
Aberration in dem von der zweiten Strahlungsquelle 
ausgestrahlten divergierenden AbtastbOndel vor- 
gesehen ist, und daB ein zweites Korrekturelement 
(C2) mit einer regelbaren Korrektur zum Korrigieren 
spharischer Aberration in dem auf das zweite De- 
tektionssystem auftreffenden konvergierenden Abt- 
astbOndel vorgesehen ist. 

20. Vorrichtung nach Anspruch 19, dadurch gekenn- 
zeichnet , daB ein drittes Korrekturelement (C3) mit 
fester Korrektur zum Korrigieren spharischer Aber- 
ration in dem von der ersten Strahlungsquelle (5') 
ausgestrahlten divergierenden FOhrungsbOndel 
vorgesehen ist, und daB ein viertes Korrekturele- 
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ment (C4) mit fester Korrektur zum Korrigieren 
spharischer Aberration in dem konvergterenden 
Fuhrungsbundel vorgesehen ist, das auf das erste 
Detektionssystem (13) auftrifft. 

21 . Vorrichtung nach Anspruch 18,19 oder 20, dadurch 
qekennzeichnet , daG das Korrekturetement (C1, 
C2) mit einer einstellbaren Korrektur zum Korrigie- 
ren spharischer Aberration wenigstens eine trans- 
parente Platte und Mitt el aufweist zum Verlagern 
der wenigstens einen Platte in das Abtastbundel 
und aus demselben. 

22. Optischer Aufzeichnungstrager mit wenigstens 
zwei Aufzeichnungsflachen, dadurch qekennzeich- 
net , daG er eine Fuhrungsflache aufweist, die mit 
Spurinformation versehen ist und daG die Aufzeich- 
nungsflachen vor der Aufzeichnung keine Spurin- 
formation aufweisen. 

23. Optische Aufzeichnungstrager nach Anspruch 22, 
dadurch qekennzeichnet , daG er eine Aufzeich- 
nungsschicht einer derartigen Dicke aufweist, daG 
diese mit verschiedenen Aufzeichnungsflachen 
versehen werden kann, die einzeln abgetastet wer- 
den konnen. 

24. Optischer Aufzeichnungstrager nach Anspruch 22, 
dadurch qekennzeichnet , daG die Fuhrungsflache 
eine einschreibbare Schicht aufweist. 

25. Optischer Aufzeichnungstrager nach Anspruch 22, 
dadurch qekennzeichnet , daG die Fuhrungsflache 
voraufgezeichnete nicht-loschbare Information auf- 
weist. 

26. Optischer Aufzeichnungstrager nach Anspruch 22, 
dadurch qekennzeichnet , daG in den Aufzeich- 
nungsflachen aufgezeichnete Daten entsprechend 
einem selbsttaktenden Aufzeichnungscode codiert 
werden. 



Revendlcatlons 

1. Precede* d'ecriture optique, puis de lecture et/ou 
d'effacementd' informations dans un plan d'enregis- 
trement (4) d'un support d'enregistrement optique 
(1 ) comportant au moins deux plans d'enregistre- 
ment et un plan de guidage (2), sachant que pen- 
dant I'ecriture, on utilise un faisceau de guidage (5) 
ayant un foyer de guidage (11) et coop6rant avec 
le plan de guidage, et au moins un faisceau d'ecri- 
ture (6) ayant un foyer d'ecritu re (36) pour les plans 
d'enregistrement, le foyer de guidage et le foyer 
d'ecriture etant formes par un systeme d'objectif 
(10) et le foyer de guidage etant maintenu dans le 
plan de guidage au moyen d'un signal d'erreur de 



foyer (S f ) gdnere par le faisceau de guidage, carac- 
terise en ce que 

pendant I'ecriture, la position transversale du 
5 foyer d'ecriture dans un plan d'enregistrement 

est coup lee a la position transversale du foyer 
de guidage, cette demiere position etant com- 
mand6e par un signal d'erreur de suivi de piste 
(S r ) issu de la cooperation entre le faisceau de 
'0 guidage et le plan de guidage, et en ce que 

pendant la lecture et/ou I'effacement : 

un foyer de lecture (36) forme par un fais- 
ceau de lecture (6) est maintenu dans le 
*5 plan d'enregistrement analyse au moyen 

d'un signal d'erreur de foyer (S fl ) issu de 
la cooperation entre le faisceau de lecture 
et le plan d'enregistrement analyse, et 
la position transversale du foyer de lecture 
20 est commandee par un signal d'erreur de 

suivi de piste (S rt ) issu de la cooperation 
entre le faisceau de lecture et le plan d'en- 
registrement analyse. 

25 2. Precede suivant la revendication 1 , caract6ris6 en 
ce que le faisceau de lecture utilise pendant la lec- 
ture ou I'effacement est constitue par le faisceau de 
guidage (6). 



30 3. Precede suivant la revendication 1 , caract6ris6 en 
ce que le faisceau de lecture et le faisceau d'ecriture 
sont constitues par un seul et meme faisceau, qui 
peut etre mis en oeuvre dans un mode d'ecriture et 
dans un mode de lecture. 

35 

4. Precede suivant la revendication 1 ou 2, pour I'ecri- 
ture, la lecture et/ou I'effacement d'un support d'en- 
registrement, dans lequel les plans d'enregistre- 
ment sont constitu6s par des surfaces de couches 

40 d'enregistrement separees (4) qui sont separ6es 
par des couches d'espacement (42), caract6ris6 en 
ce que, pendant recriture dans un plan d'enregis- 
trement, le foyer d'ecriture est maintenu dans le 
plan d'enregistrement au moyen d'un signal d'er- 

45 reur de foyer (S n ) qui est issu de la cooperation du 
faisceau d'ecriture avec le plan d'enregistrement 
analyse. 

5. Precede suivant la revendication 1 ou 2 pour l'6cri- 
50 ture, la lecture et/ou I'effacement d'un support d'en- 
registrement non st rat if ie, dans lequel differents 
plans d'enregistrement (4) peuvent etre 6crits, ca- 
racterise en ce que, pendant recriture, la position 
longitudinale du foyer d'ecriture (36) est guides par 

55 (a position longitudinale du foyer de guidage (11), 
la distance entre les deux positions etant determi- 
nes par le nombre ordinal du plan d'enregistrement 
a ecrire. 
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6. Appareil pour I'ecriture ou la lecture optique d'un 
support d'enregistrement optique multicouche com- 
portant un plan de guidage, lequel appareil com- 
prend au moins une source de rayonnement (5', 1 8) 
pour fournir un faisceau de guidage (5) et au moins 5 
un faisceau d'6criture (6), un systeme d'objectif (10) 
pour focaliser le faisceau de guidage en un foyer de 
guidage (11) ainsi que pour focaliser le faisceau 
d'ecriture en un foyer d'ecriture (36), et un premier 
servomecanisme (14, 15) pour positionner dans le 10 
sens longitudinal le foyer de guidage dans le plan 
de guidage, caracterise en ce que I'appareil com- 
prend un deuxieme servomecanisme (16, 17) pour 
positionner dans le sens transversal le foyer de gui- 
dage dans le plan de guidage, un couplage de la 15 
commande de la position transversale du foyer 
d'ecriture au deuxieme servomecanisme, un servo- 
mecanisme de suivi de piste de lecture (16, 17; 24, 
25) et un servomecanisme de foyer de lecture (14, 
15; 20, 27) pour posrtionner transversalement et 20 
longitudinalement, respectivement, un foyer de lec- 
ture (36) forme par un faisceau de lecture (5; 6), 
lesdits servom6canismes utilisant un signal d'erreur 
de suivi de piste (Sp S rl ) et un signal d'erreur de 
foyer (S f ; S^), respectivement, gen6r6s au moyen 25 
du faisceau de lecture. 
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ce que le troisieme et un quatrieme servomecanis- 
mes (20, 27; 24, 25) determinent les positions lon- 
gitudinale et transversale, respectivement, du foyer 
de lecture. 

12. Appareil suivant la revendication 8, 9 ou 10, carac- 
terise en ce que les premier et deuxieme servome- 
canismes(14, 15; 16, 17) determinent les positions 
longitudinale et transversale, respectivement, du 
foyer de lecture. 

13. Appareil suivant Tune quelconque des revendica- 
tions 6 a 12, caracterise en ce que le faisceau de 
guidage (5) a une longueur d'onde qui est d iff 6 rente 
de celle du faisceau de lecture ou d'ecriture (6) et 
en ce que I'appareil comprend un moyen de sepa- 
ration et de combinaison de faisceaux dependant 
de la longueur d'onde (8). 

14. Appareil suivant I'une quelconque des revendica- 
tions 6 a 1 3, caracterise en ce que le faisceau de 
guidage (5) a un etat de polarisation qui est different 
de celui du faisceau de lecture ou d'ecriture (6) et 
en ce que I'appareil comprend un moyen de sepa- 
ration et de combinaison de faisceaux dependant 
de la polarisation (8). 



7. Appareil suivant la revendication 6, caracterise en 
ce que le faisceau de lecture utilise pendant la lec- 
ture ou I'effacement est constitue par le faisceau de 
guidage (6). 

8. Appareil suivant la revendication 6, caracterise en 
ce que le faisceau de lecture et le faisceau d'ecriture 
sont constitues par un seul et m§me faisceau, qui 
peut etre mis en oeuvre dans un mode d'ecriture et 
dans un mode de lecture. 

9. Appareil suivant la revendication 6, pour I'ecriture, 
la lecture et/ou I'effacement d'un support d'enregis- 
trement, dans lequel les plans d'enregistrement 
sont constitues par des surfaces de couches d'en- 
registrement separees (4) qui sont separees par 
des couches d'espacement (42), caracterise en ce 
que I'appareil comprend un troisieme servomeca- 
nisme (20, 27), pour posrtionner dans le sens lon- 
gitudinal le foyer d'ecriture dans un plan d'enregis- 
trement, utilisant un signal d'erreur de foyer qui est 
fourni par le faisceau d'ecriture. 

10. Appareil suivant la revendication 6, pour I'ecriture, 
la lecture et/ou I'effacement d'un support d'enregis- 
trement non stratifie, caracterise en ce que I'appa- 
reil comprend un couplage de la commande de la 
position longitudinale du foyer d'ecriture au premier 
servomecanisme. 

11. Appareil suivant la revendication 9, caracterise en 



15. Appareil suivant I'une quelconque des revendica- 
tions 6 a 14, caracterise en ce que le faisceau de 
guidage (5) a une direction dans i'espace qui est 
differente de celle du faisceau de lecture ou d'ecri- 
ture (6) et en ce que I'appareil comprend un moyen 
de separation et de combinaison de faisceaux de- 
pendant de la direction (8). 

16. Appareil suivant I'une quelconque des revendica- 
tions 6 a 15, caracterise en ce que les systfemes de 
detection (62) pour le faisceau de guidage (5) et le 
faisceau de lecture ou d'ecriture (6) et la source de 
rayonnement (5', 18) se trouvent de part et d'autre 
du support d'enregistrement (1). 

17. Appareil suivant la revendication 6, caracterise en 
ce qu'il est pourvu d'un systeme de detection d'er- 
reur de foyer (22) et d'un seiecteur de plan d'enre- 
gistrement (26) comprenant un disc rim inateur de 
plan (26 1 ) connects a la sortie du systeme de de- 
tection d'erreur de foyer, un compteur (262) connec- 
te au discriminates et un circuit de comparaison 
(26 3 ) pour comparer le contenu du compteur au 
nombre ordinal d'un plan d'enregistrement (4) a 
analyser. 

18. Appareil suivant la revendication 6, caracterise en 
ce qu'il comprend au moins un correcteur d'aberra- 
tion sph6rique (C1) pour une correction ajustable 
de ('aberration spherique dans le faisceau d'ecriture 
ou de lecture (6), ('amplitude de la correction depen- 
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dant de I'indice de refraction et de I'epaisseur de la 
matiere du support d'enregistrement (1 ) dans le tra- 
jet optique du faisceau d'analyse entre le system e 
d'objectif (10) et la couche d'enregistrement (4) 
analysee. 

19. Appareil suivant la revendication 18, comprenant 
une premiere source de rayonnement (5') pour four- 
nir un faisceau de guidage (5) et un premier syste- 
me de detection sensible au rayonnement (13) pour 
ie faisceau de guidage provenant du support d'en- 
registrement (1), et une deuxieme source de rayon- 
nement (18) pourfoumir un faisceau d'analyse (6) 
et un deuxieme systeme de detection sensible au 
rayonnement (22) pour le faisceau d'analyse pro- 
venant du support d'enregistrement, caractense en 
ce qu'un premier correcteur d'aberration spherique 
(C1) ayant une correction ajustable est dispose 
dans le faisceau d'analyse divergent emis par la 
deuxieme source de rayonnement, et en ce qu'un 
deuxieme correcteur d'aberration spherique (C2) 
ayant une correction ajustable est dispose dans le 
faisceau d'analyse convergent qui tombe sur le 
deuxieme systeme de detection. 

20. Appareil suivant la revendication 19, caracterise en 
ce qu'un troisieme correcteur d'aberration spheri- 
que (C3) ayant une correction fixe est dispose dans 
le faisceau de guidage divergent emis par la pre- 
miere source de rayonnement (5 1 ), et en ce qu'un 
quatrieme correcteur d'aberration spherique (C4) 
ayant une correction fixe est dispose dans le fais- 
ceau de guidage convergent qui tombe sur le pre- 
mier systeme de detection (13). 

21. Appareil suivant la revendication 18, 19 ou 20, ca- 
racterise en ce que le correcteur d'aberration sphe- 
rique (C1 , C2) ayant une correction ajustable com- 
prend au moins une plaque transparente et un 
moyen pour deplacer ladite au moins une plaque 
dans le faisceau d'analyse et hors de celui-ci. 

22. Support d'enregistrement optique comportant au 
moins deux plans d'enregistrement, caracterise en 
ce qu'il comprend un plan de guidage contenant des 
informations de suivi de piste, et en ce que les plans 
d'enregistrement ne comprennent pas d'informa- 
tions de suivi de piste avant I'enregistrement. 

23. Support d'enregistrement optique suivant la reven- 
dication 22, caracterise en ce qu'il comprend une 
couche d'enregistrement d'une epaisseur telle 
qu'elle puisse comprendre differents plans d'enre- 
gistrement qui peuvent etre analyses separement. 

24. Support d'enregistrement optique suivant la reven- 
dication 22, caracterise en ce que le plan de guida- 
ge comporte une couche inscriptible. 



30 

25. Support d'enregistrement optique suivant la reven- 
dication 22, caracterise en ce que le plan de guida- 
ge comprend des informations non effacables 
preenregistrees. 

5 

26. Support d'enregistrement optique suivant la reven- 
dication 22, caracterise en ce que les donnees en- 
registrees dans les plans d'enregistrement sont co- 
dees suivant un code d'enregistrement autocaden- 

10 ce. 
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